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 The book contains the chapters related to the molecular issues of respiratory regulation. The research 
presented herein was communicated and discussed at the International Conference ‘Advances in 
Pneumology’ which was held in Bonn, Germany, on June 17–18, 2011. The chapters are a selection 
of peer-reviewed manuscripts, mostly original research work, to demonstrate the topics discussed 
at the conference. Experimental pathophysiology research often seems not very interesting or even use-
ful from the clinical standpoint. This basic research, however, meticulously builds up on previous 
studies and lays the foundation for clinical advances. The conference is thought as a merge between 
basic and clinical research concerning respiratory medicine, neural and chemical respiratory regula-
tion, and the mutual relationship between respiration and other neurobiological functions. The essen-
tial topics of interest include a wide range of issues, most notably molecular aspects related to gene 
polymorphism underlying various diseases, cardiovascular-respiratory disorders, infections and 
in fl ammatory conditions exempli fi ed by asthma and chronic obstructive pulmonary disease (COPD), 
respiratory allergy and cough, and immunology. In the chapters presented in this volume the cutting-
edge knowledge is communicated and discussed by prominent experts in the areas of science outlined 
above. I want to thank the invited speakers and other presenters at the conference, as well as the 
authors and reviewers of the chapters; their contributions certainly will enhance the value of this vol-
ume. The clinical advances cannot be reached without the continual efforts to understand the underlying 
mechanisms of diseases. 

 The 2011 conference was the fruit of many collaborative efforts. The Local Organizing Committee 
was headed by Dr. Rüdiger Siekmeier of the Federal Institute for Drugs and Medical Devices (BfArM) 
in Bonn, Germany. I am indebted to him for his efforts and to all those who extended a helping hand 
and advice in the organization, in particular Prof. Dr. med. Kurt Rasche of HELIOS Klinikum 
Wuppertal Lungenzentrum, Klinik für Pneumologie, Allergologie, Schlaf- und Beatmungsmedizin 
and Anke Hastenrath of Wuppertal, and Dr. Tadeusz M. Zielonka of Warsaw Medical University and 
the Polish Respiratory Society in Warsaw, Poland. 

 I also want to thank the non-pro fi t research and academic institution which kindly cooperated and 
supported the organization of the conference and the publication of this book; in particular the Medical 
Research Center of the Polish Academy of Sciences in Warsaw, the Polish Respiratory Society, and 
the Rhein-Ruhr-Stiftung in Essen. Finally, I am also grateful to Max Haring, Ph.D. and Tanja van 
Gaans of Springer for their expert management of the production process of this book. 

  Warsaw, Poland  Mieczyslaw Pokorski   

   Preface   
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  Abstract   NETosis is a unique death pathway that differs from apoptosis and necrosis and depends on 
the generation of reactive oxygen species (ROS) by NADPH oxidase. During this process, neutrophil 
extracellular traps (NETs) are created. NETs are extracellular structures composed of chromatin and 
variety of proteins from cells granules that bind and kill microorganisms. Recently, novel functions of 
NET have been proposed. It seems that neutrophil traps play an essential role during autoimmunity. 
They can induce and exacerbate diseases based on immune system malfunction.  

  Keywords   NETosis  •  Neutrophil extracellular trap  •  Autoimmune disease  •  Immunity  •  Neoplasms    

    1.1   Introduction 

 Neutrophils are the most abundant group of cells specialized in defense against pathogens such as 
bacteria, fungi, and protozoa. They are one of the  fi rst responders among in fl ammatory cells during 
infections. They migrate towards blood stream to the site of in fl ammation in response to chemical 
agents in the process called chemotaxis. After migration to infection site, they act in synergy with 
several other cells amplifying in fl ammatory reactions. They synthesize and release speci fi c cytok-
ines which activate endothelial cells, macrophages, and mast cells. However, the main task of neu-
trophils is to attack microorganisms with the use of their unique repertoire of activities: phagocytosis, 
degranulation and generation of reactive oxygen species (ROS). It is very important that after elimi-
nation of in fl ammatory factor, neutrophils should be safely removed as it is necessary to keep cellular 
homeostasis under physiologic conditions. Apoptosis is a physiologic suicide mechanism contributing 
to cells removal from in fl amed tissue. This effect inhibits releasing hazardous intracellular contents. 
Recently, a new microbicidal mechanism has been described. NETosis is a unique cell death distinct 
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from necrosis and apoptosis. This phenomenon was observed in human, bovine, and  fi sh neutrophils 
(Brinkmann et al.  2004 ; Köckritz-Blickwede and Nizet  2009 ; Villanueva et al.  2011 ; Youse fi  et al. 
 2009  ) . In this mechanism, neutrophils die after releasing ‘neutrophil extracellular traps’ (NETs), a 
web-like structure. Mast cells, eosinophils, and plant cells also are able to form extracellular traps 
(Köckritz-Blickwede and Nizet  2009 ; Papayannopoulos at al.  2010  ) . Probably, mast cells play more 
important role than neutrophils in the web formation, during allergic disease (Köckritz-Blickwede 
and Nizet  2009  ) .  

    1.2   Characterization of Neutrophil Extracellular Traps 

 NETs are composed of granular and nuclear constituents of neutrophils (Wartha et al.  2007  ) . Most 
of proteins and enzymes which act inside the web originate from primary, secondary and tertiary 
granules. The most common enzymes are elastase, cathepsin G, myeloperoxidase, proteinase-3, 
bactericidal permeability increasing protein, lactofferin, gelatinase (Wartha et al.  2007 ; Soehnlein  2009 ; 
Li et al.  2010  ) . They cause death of bacteria or at least inhibit their growth. The nuclear components 
are chromatin  fi bers and histones (h1, h2a, h2b, h3, h4) (Wartha et al.  2007  ) . The  fi rst one creates 
a backbone on which proteinaceous effectors can reside. No membrane fragments, membrane 
proteins, and cytoplasmic markers are present in this structure (Wartha et al.  2007  ) . In 2004, Brinkmann 
et al.  (  2004  )  using electron microscopy observed and measured all structures for the  fi rst time. They 
noted that DNA stretches have a diameter of 15–17 nm and a globular protein creates speci fi c 
domains of around 25 nm. Due to its size, they might aggregate to larger elements of diameters of up 
to 50 nm. DNase causes disintegration of these unique structures (Wartha et al.  2007  ) . The major 
components of mast cell extracellular traps are DNA, histones, and mast cell-speci fi c granule pro-
teins such as tryptase. It is important that DNase alone is not suf fi cient to dismantle NET. In addi-
tion, myeloperoxidase can cause degradation of tryptase (Köckritz-Blickwede and Nizet  2009  ) . The 
origin of DNA in neutrophils and mast cell is nuclear. After releasing the chromatin neutrophils die. 
Eosinophils form this structure from mitochondrial DNA, although they survive after catapulting 
their genetic material. Moreover, they react faster, as they need only a few seconds to form a web 
(Köckritz-Blickwede and Nizet  2009  ) . 

 The release of NETs can be stimulated by bacteria, fungi, protozoa, and some mediators (e.g., interleukin-8, 
lipopolysaccharide (LPS), phorbol esters (PMA), and hydrogen peroxide). Also, complement factor 
(Li et al.  2010  )  in synergy with GM-CSF or interferon  g / a  (INF-  g / a ) may play a crucial role in this 
process. Direct exposure to a variety of different microbial pathogens, both Gram-positive and 
Gram-negative bacteria, such as  Staphylococcus aureus, Streptococcus pyogenes, Pseudomonas aerug-
inosa, Mycobacterium tuberculosis, Escherichia coli, or Leishmania amazonesis  is suf fi cient to trigger 
NET formation (Brinkmann et al.  2004 ; Köckritz-Blickwede and Nizet  2009 ; Ramos-Kichik et al. 
 2009 ; Urban et al.  2006  ) . Also, fungi like  Candida albicans  stimulate neutrophils in the same manner. 
Depending on the target, neutrophils extracellular traps act in two ways. They can simply immobilize 
microorganisms or kill them after capturing. These processes can be blocked pharmacologically by 
cytochalasin D or by DNase enzyme. Only mature and non-defective granulocytes may express the 
functional machinery required for the transduction of indispensable signals for NET generation. 
Depending on the stimulator, the time frame to form NETs varies from 10 min to 4 h. After bacterial 
stimulation or activator such as phorbol esters, NETs are released within 2–4 h, but neutrophils acti-
vated by platelet cells stimulated with LPS, react faster (Köckritz-Blickwede and Nizet  2009  ) . 

 The role of ROS in innate immunity was recognized for the  fi rst time in phagocytes undergoing a 
‘respiratory burst’ upon activation. This process is connected with the superoxide-generating enzyme 
NADPH oxidase (Nox2). This enzyme is essential for microbial killing and till now, lack of its 
function was only related to enhanced susceptibility to microbial infections (Rada and Leto  2008  ) . 
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New evidence strongly indicates that creation of NETs is associated with ROS. It has been noted that 
hereditary dysfunction of NADPH oxidase prevents neutrophils from creating extracellular traps. 
Also, a pharmacological in fl uence on ROS enzymes blocks NETosis. As above mentioned, NET 
formation requires reduced NADPH oxidase activity.    Marcos et al.  (  2010  )  postulated that chemokine 
receptors (CXCR) can be related during NETosis. Their studies have shown that promotion of CXCR1, 
but not CXCR2, signaling pathways provokes the neutrophil trap formation. Whereas CXCR1 stimulate 
ROS production, CXCR2 have no effect on NADPH oxidase activity and generation of ROS, so it 
strongly indicates a tight relationship between ROS and NETosis. However, how do ROS promote 
NET formation remains still unclear (Villanueva et al.  2011 ; Marcos et al.  2010  ) . 

 NETs are an important component of immune defense, especially in severe infections. This mecha-
nism is implicated in the pathogenesis of sepsis and autoimmunity (Papayannopoulos at al.  2010  ) .
Research describes NETs in the course of appendicitis, pre-eclampsia, systemic lupus erythematosus 
(SLE), chronic granulomatous disease, small vessels vasculitis, or intestinal spirochetosis (Wartha 
et al.  2007 ; Köckritz-Blickwede and Nizet  2009  ) . There is increasing evidence that NETs play an 
important role in noninfectious diseases. For example recent studies show a commitment of these 
structures during insemination (Wartha et al.  2007  ) . Sperm cells are caught and clogged into web in 
female reproductive system, which prevents conception. Recently, more bacterial virulence factors 
and their defense systems have been identi fi ed. Pathogens can resist NET-mediated killing by adding 
positive charge to their cell surface (Wartha et al.  2007  ) . They can produce a special outer capsule, 
which reduces bacterial trapping and generate DNases or variety of other enzymes which are able to 
digest NET structures (Wartha et al.  2007 ; Köckritz-Blickwede and Nizet  2009  ) . For example, 
 Streptococcus pneumoniae  causes NET degradation by DNase EndA. Moreover, these bacteria 
produce capsules rich in D-analynated lipoteichoic acids (LTA) which modify the surface charge; thus 
this structure prevents entrapment by extracellular traps (Köckritz-Blickwede and Nizet  2009  ) .  

    1.3   NETs in Neoplasm of Developmental Age 

 Neoplasms of developmental age account for 0.5–2.0% all cancers causes in human population. 
Clinical manifestation, progression rate and genetic predisposition are different in children compared 
with adults. Leukemia, due to maturation arrest and uncontrolled proliferation of cells in bone 
marrow, is the most common pediatric neoplastic disease. Acute lymphocytic leukemia (ALL) 
approaches 80% of leukemia cases in children (Bleyer  1990  ) . ALL leads to the accumulation of 
malignant lymphoblasts in bone marrow and peripheral blood. Acute myeloid leukemia (AML) and 
acute non-lymphoblastic leukemia (ANLL) occur rarely. 

 The diagnosis of leukemia relies on immunocytochemistry, immunophenotyping, cytogenetics, 
and gene rearrangement detection. Nowadays, there are many innovative, speci fi c molecular and 
cellular techniques to con fi rm the diagnosis. The improved sensitivity of applied tests has made 
possible to establish an early presence pathological cells in bone marrow and peripheral blood. 

 Leukemia is the most common cause of disease-related death in childhood. The patients with 
acute leukemia are at high risk for infections complications (Hirotsu and Akatsuka  1991 ; Maranda 
et al.  2010  ) . Serious, life threatening infections remain a major cause of morbidity and mortality in 
this group of patients. In 1970–1990 large scale clinical trials regarding therapy in ALL reported 
that 90% of patients die within 4 years. In the 1990s, more than 70% of all children with ALL, who 
were younger than 10 years at the time of diagnosis, reached a complete and durable remission due 
to modern therapy. Nowadays, in the group of children with acute lymphocytic leukemia, the mortal-
ity rate from infection during chemotherapy is around 1–3% (Hirotsu and Akatsuka  1991  ) . 
Neutropenia, the use of corticosteroids, broad spectrum antibiotics, central venous lines, presence of 
mucositis, and surgery procedures are among common underlying causes of infections in leukemic 
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patients (Hirotsu and Akatsuka  1991 ; Klaassen et al.  2000  ) . Furthermore, other factors such as 
impaired functional capabilities of neutrophils may contribute to severe infections before and after 
chemotherapy. Several studies have shown the presence of defective neutrophil function (i.e., ROS 
formation) in patients with acute leukemia (Hubel et al.  1999  ) . However most of them were 
performed in adult population and only a few in children, who usually undergo more intensive 
chemotherapy compared with adults. 

 Multidrug chemotherapy combinations are standard regiments in the treatment of leukemia in 
children signi fi cantly improving survival of patients. Chemotherapeutic agents act by the multiple 
mechanism, including incorporation into DNA and inhibition of DNA replication, cell membrane 
damage or free radical generation (Bleyer  1990  ) . Invasive infections are the common complications of 
chemotherapy in leukemic children. To-date, no study has been undertaken to explore if NET formation 
is defective in patients with acute leukemias and how this mechanism is altered by chemotherapy. 

 NET formation is initiated by the production of ROS. ROS constitute an essential signal leading 
to the induction of unique cell death program connected with NETs (Köckritz-Blickwede and Nizet 
 2009 ; Youse fi  et al.  2009  ) . This is a physiologic suicide mechanism for elimination of neutrophils 
from in fl amed tissue and it has been named NETosis. Oxidative burst may be hampered by chemo-
therapeutic agents, bacterial products and in fl ammatory mediators released by leukemic blasts and 
tumor in fi ltrating immune cells. Interference with ROS generation by chemotherapeutic agents may 
block the formation of the web. Moreover, NET formation requires fully mature neutrophils, thus 
immature or defective neutrophils released from leukemic bone marrow may not express the 
functional machinery required for the transduction of external signals (Martinelli et al.  2004  ) . 
The negatively charged DNA backbone of NETs also provides a framework for the activation of the 
contact system, including serum-derived serine proteases, factor XI, factor XII, and plasma kallikrein, 
together with the non-enzymatic high-molecular-weight-cofactor and kininogen (Oehmcke et al.  2009  ) . 
NETs also produced after platelet-mediated neutrophil activation and the accumulation of NETs and 
their component proteases may promote vascular endothelial injury and ischemia (Clark et al.  2007 ; 
Oehmcke et al.  2009  ) . These events may contribute to cardiovascular complication including throm-
bosis in leukemic patients. 

 The immune system is a complex and decentralized machinery present in multicellular organisms 
and is composed of many types of proteins, cells, organs, and tissues. Its main goal is to provide a 
generic and immediate defense against pathogens like bacteria, fungi, and protozoa. In addition, it can 
identify and destroy tumor or virus carrying cells. Due to its complex nature every disorder can 
provoke different reaction: autoimmune diseases, immunode fi ciency, cancer, or in fl ammatory diseases 
(Beck and Gail  2007  ) .  

    1.4   NETs in Autoimmunity 

 Autoimmunity is de fi ned as a failure in self-recognition of the body. This kind of failure of immune 
regulation is responsible for autoimmune diseases. During immune system malfunction, a variety of 
antibodies attack host structures. Not only do these antibodies in fl uence in a direct manner various 
body parts, but they also can recruit cytotoxic T cells which multiply devastating effect. Recently, it 
has been postulated that NETs can be related to autoimmune diseases either through the initiation or 
propagation of the disease (Papayannopoulos and Zychlinsky  2009  ) . In this paper we will focus on 
two immune-related syndromes: ANCA-associated vasculitis and systemic lupus erythematosus. 

 Anti-neutrophil cytoplasmic antibodies (ANCA)-associated vasculitis (AAV) is a life threatening 
autoimmune disease characterized by necrotizing vasculitis of small and medium sized vessels. 
Pathogenesis of AAV is complex, with a number of overlapping effector limbs. ANCAs are of major 
importance for disease and cause vasculitis interacting with neutrophils upon speci fi c triggers 
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(Ozaki  2007 ; Jennette and Falk  1998 ; van Rossum et al.  2005 ; Wilde et al.  2010  ) . ANCAs with 
speci fi city for either proteinase-3 (PR3-ANCA) in Wegener’s granulomatosis or myeloperoxidase 
(MPO-ANCA) in Churg-Strauss syndrome are a hallmark of AAV and had a pivotal role in disease 
development (Gómez-Puerta et al.  2009 ; Wilde et al.  2010 ; van Rossum et al.  2005  ) . ANCAs them-
selves are thought to be pathogenic (Ozaki  2007  ) . Furthermore, ANCAs promote deregulation of 
neutrophils and monocytes facilitating endothelial damage. The endothelium is also activated and 
neutrophil adherence is enhanced. The initial damage leads to a cascade of reactions resulting in leu-
cocyte tissue in fi ltration (Gómez-Puerta et al.  2009  ) . T-cell driven granuloma formation and further 
damage. ANCAs bind to neutrophils and endothelial cells having differential but synergistic effects 
on both cell types (Wilde et al.  2010  ) . ANCAs bind to membrane-bound PR3/MPO on neutrophils. 
This interaction with ANCAs results in activation and  fi nally in release of cytotoxic superoxide and 
serine proteases (such as PR3). Membrane-bound MPO-PR3 is expressed constitutively by neutro-
phils and can be enhanced by proin fl ammatory cytokines, such as tumor necrosis factor alpha (TNF- a ) 
and interferon- g  (INF- g ). Priming of neutrophils also enhances adhesion to endothelial cells along 
with a further increase of membrane MPO/PR3 expression (van Rossum et al.  2005 ; Rarok et al.  2003  ) . 
Thus, deregulation occurs in close contact with the vascular endothelium, resulting in vasculitic 
damage. The interaction of ANCAs with endothelial cells enhances expression of adhesion molecules 
like E/P- selectin and vascular cell adhesion molecule (Ara et al.  2001  ) . In the late 1980s, it was 
discovered that PR3 was the main antigen for cytoplasmic-ANCA, whereas MPO was shown to be the 
antigenic target of perinuclear-ANCA in patients with vasculitis. Recent  fi ndings bring up a new 
hypothesis on the induction of ANCAs by immune responses against Gram-positive or Gram-negative 
bacteria. Pathogens like  Staphylococcus aureus  bear genetic sequences that are complementary to the 
human PR3 gene pointing to an exogenous origin of cPR3 transcripts. Chronic nasal carriage of 
 S. aureus  has been demonstrated to increase the risk for disease relapse. T cells are also usually found 
within granulomas in lesions present in AAV (Stegeman et al.  1994 ; Tadema et al.  2010  ) . Elevated 
levels of markers of T-cell activity, such as soluble interleukin-2 (IL-2) receptor, neopterin and soluble 
CD30 as measured in the circulation have been shown to be associated with disease activity (Wilde 
et al.  2010 ; Schmidt et al.  1992  ) . 

 As above mentioned, the anti-neutrophil cytoplasmic autoantibodies formed during small-vessel 
vasculitis have major effects upon neutrophils; thus they can be potent NETosis inductors. Two 
types of ANCA antibodies are abundant in AVV. c-ANCA are speci fi c for the serine proteinase-3. 
pANCA called MPO-ANCA type has speci fi city for myeloperoxidase. The interaction of p-ANCA 
and c-ANCA with neutrophils surface results in the production of ROS (Papayannopoulos and 
Zychlinsky  2009 ; Kallenberg  2010  ) . Due to the fact that production of ROS plays an essential role 
in the neutrophil traps-creation pathway, it is believed that ANCA are strongly associated with 
continuous NETs formation. Moreover, microbial factors, in particular  Staphylococcus aureus  
and Gram-negative bacteria, simultaneously with anti-neutrophil cytoplasmic autoantibodies seem 
to be involved in AVV induction (Kallenberg  2010  ) . On the other hand, it has been shown that NET 
can occur in an autoin fl ammatory structure in the absence of microbial infection. Unfortunately, the 
basic mechanism that includes exacerbation of AVV and neutrophil extracellular traps is still not 
known (Kessenbrock et al.  2009  ) . 

 Systemic lupus erythematosus (SLE) is a chronic systemic autoimmune connective tissue disease 
characterized by various manifestations often demonstrating a waxing-waning course. It is a Type III 
hypersensitivity reaction caused by antibody-immune complex formation (Ballestar et al.  2006 ; 
Rahman and Isenberg  2008  ) . SLE does run in families, but no single casual gene has been identi fi ed. 
Genes which contain risk variants for SLE are IRF5, PTPN22 (Orozco et al.  2011 ; Rahman and 
Isenberg  2008  ) . The second mechanism may be due to environmental factors such as viruses and 
bacteria (Sebastiani and Galeazzi  2009  ) . Many patients with SLE exhibit symptoms that involve skin 
and joints, other symptoms of SLE vary widely between patients. SLE most often harms the heart, 
lungs, liver, kidneys and nervous system. The course of the disease is unpredictable, with periods of 
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illness ( fl ares) alternating with remissions (Rahman and Isenberg  2008  ) . The disease occurs nine 
times more often in women than in men, especially in women in child-bearing years ages 15–35 and 
is also more common in those of non-European descent (Krishnan and Hubert  2006 ; Tandon 
et al.  2004  ) . Serologic markers play an important role in the assessment of disease activity in SLE, 
including assessment of anti-double-stranded DNA and complement levels. Serological markers are 
critical for the understanding of the pathogenesis of the disease. Serologic markers have an imperfect 
correlation with disease activity and cannot substitute alone for a direct assessment of clinical bene fi t 
(Rahman and Isenberg  2008  ) . Antinuclear antibody (ANA) testing and anti-extractable nuclear 
antigen (ant-ENA) form the mainstay of serologic testing for SLE (Agarwal et al.  2009  ) . Clinically, 
the most widely used method is indirect immuno fl uorescence. The pattern of  fl uorescence suggests 
the type of antibody present in the patient’s serum. ANA screening yields positive results in many 
connective tissue disorders and may occur in normal individuals. Subtypes of antinuclear antibodies 
include anti-Smith (Sm) and anti-double stranded DNA (dsDNA) antibodies (which are linked to SLE) 
and anti-histone antibodies (which are linked to drug-induced lupus). Anti-dsDNA antibodies are 
highly speci fi c for SLE. They are present in 70% of cases, whereas they appear in only 0.5% of people 
without SLE. Other ANAs that may occur in SLE sufferers are anti-U1 RNP (also in systemic sclerosis), 
SS-A (or anti-Ro), and SS-B (or anti-La also in Sjögren’s syndrome). The lupus erythematosus (LE) 
cell test was previously commonly employed for the diagnosis, but it is no longer in use because the 
LE cells are only found in 50–77% of SLE cases, and they are also found in other syndromes (Rahman 
and Isenberg  2008 ; Buyon and Clancy  2003  ) . 

 Recent evidence indicates that neutrophils traps may play an important role in the induction of 
autoimmune responses and organ damage and in the pathogenesis of systemic lupus erythematosus 
(Villanueva et al.  2011  ) . As above mentioned, the backbone of the neutrophil extracellular trap 
consists of double stranded DNA which is a prime target for auto-antibodies present in SLE. The pos-
sible mechanism includes the formation of NET-antibody complexes. The accumulation of these 
structures can provoke vascular endothelium damage and can lead to thrombosis or heart-failure 
(Oehmcke et al.  2009  ) . Moreover, blockade of NETs degradation has been observed in some SLE 
cases. Speci fi c antibodies bind to NET structures, where they can be recognized by DNAse enzymes. 
Preventing DNase1 access to NETs stops  in situ  clearance. A prolonged life time of neutrophil 
traps is devastating for the SLE patient because dangerous complexes are being created in enormous 
amounts. Villanueva et al.  (  2011  )  postulate that a distinct neutrophil fraction, called low density 
granulocytes (LDGs), is strongly involved in NETs formation. LDGs are found in peripheral blood of 
adult SLE patients. These speci fi c cells are not characterized by any speci fi c surface markers. They 
can differ from normal neutrophils only by their density, although LDGs nuclear morphology 
suggests that this population of cells is slightly immature. The mechanisms by which LDGs are more 
potent to make NETs are still unclear, but a crucial role for elastase, reactive oxygen species, and even 
the cyto-skeleton has been proposed (Villanueva et al.  2011 ; Denny et al.  2010  ) . On the other hand, it 
is certain that immature neutrophils cannot create NESs due to their lack of speci fi c receptors. Even 
though low density granulocytes are considered to have immature phenotype, they still have ability to 
create extracellular traps. This phenomenon can be contributed to a high level of expression of mRNA 
that encodes the neutrophil serine proteases; the process which is strongly associated with NETosis 
(Villanueva et al.  2011  ) . 

 Since we have learned about neutrophil extracellular traps just about several years ago, we still 
have gaps in the basic knowledge. During recent years, we have discovered that these DNA-traps are 
not only related to one type of cells, but at least to three types of granulocytes. We know what basic 
agents induce NETosis, thus we can procure its creation  in vitro . These unique structures seem 
destined to surprise us many more times.      

   Con fl icts of interest    : The authors declare no con fl icts of interest in relation to this article.  
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  Abstract   Chronic obstructive pulmonary disease (COPD) is characterized by progressive air fl ow 
limitation and chronic in fl ammation of airways and lung parenchyma. Our aim was to assess two 
important elements of intracellular signaling involved in regulation of in fl ammation in COPD in 
patients subjected to long-acting beta2-agonist or long-acting beta2-agonist plus long-acting anti-
muscarinic: peroxisome proliferator-activated receptor gamma (PPAR g ) protein, which has 
antiin fl ammatory and immunomodulatory properties and cAMP response element binding protein 
(CREB) and activated (CREB-P) protein which has histone acetyltransferase activity and increases 
histone acetylation and transcriptional activation of chromatin. Twenty one stable COPD patients 
(18 males and 3 females, mean age 65 years) receiving 12  m g B.I.D formoterol were assayed before 
and after 3 month add-on therapy, consisting of 18  m g Q.D. tiotropium. In all patients, sputum 
induction, spirometry, lung volumes, and DLCO were performed before and after therapy. Sputum 
cells were isolated and processed to isolate cytosolic and nuclear fractions. PPAR g , CREB, or 
CREB-P proteins were quanti fi ed in subcellular fractions using Western blot. Tiotropium add-on 
therapy improved respiratory parameters: FEV1 and lung volumes. After therapy mean expression 
of PPAR g  in cell nuclei was signi fi cantly increased by about 180%, while CREB and phosphory-
lated CREB levels in cytosol and nuclei were decreased by about 30%. Our data show that the 
mechanism whereby tiotropium reduces exacerbations may be associated not only with persistent 
increase in airway functions and reduced hyperin fl ation mediated by muscarinic receptors, but also 
with possible anti-in fl ammatory effects of the drug, involving increased PPAR g  and decreased 
CREB signaling.  

  Keywords   COPD  •  CREB  •  Histone acetylation  •  PPAR g   •  Tiotropium    
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    2.1   Introduction 

 Irreversible and progressive air fl ow limitation is a landmark of chronic obstructive pulmonary disease 
(COPD), the only major disease with an increasing death rate (Viegi et al.  2007  ) . In COPD, air fl ow 
obstruction is caused by increased activity of parasympathetic system and chronic in fl ammation of the 
airways and lung parenchyma, very frequently associated with chronic tobacco smoking (Viegi et al. 
 2007  ) . COPD is considered as a fatal disease, but it can be managed, controlled and slowed down, how-
ever a necessary step is smoking cessation. In pharmacotherapy of moderate to severe COPD long-acting 
bronchodilators are used (Global Strategy for the Diagnosis, Management and Prevention of COPD 
 2008  ) . Currently approved drugs for the treatment of COPD are: long-acting beta2-agonists (LABA), 
i.e., formoterol, salmeterol, indacaterol, combined with long-acting antimuscarinic agents (LAMA) 
such as tiotropium bromide (Meyer et al.  2011  ) . Formoterol, a selective LABA, increases adenylyl 
cyclase and cyclic adenosine monophosphate (cAMP) resulting in relaxation of bronchial smooth 
muscles (Kaur et al.  2008  ) . Tiotropium acts as antagonist of M3 and M1 muscarinic receptors, modulat-
ing inositol 1,4,5-trisphosphate (IP3) and 1,2-diacyl-glycerol (DAG) signaling pathways (Casarosa et al. 
 2010  ) . Drug binding produces prolonged improvement in clinical respiratory parameters and usually a 
single inhaled dose reverses compromised respiratory function (Kato et al.  2006  ) . Our previous data 
indicate that tiotropium altered pharmacodynamic parameters of cholinergic M3 receptors and increased 
histone acetylation in chromatin of in fl ammatory cells migrating to the airways of COPD patients 
(Holownia et al.  2010  ) . However, the possible anti-in fl ammatory mechanisms related to tiotropium are 
unknown. Our aim was to assess important elements of cytosolic and nuclear in fl ammatory signaling - 
expression and activation (Ser133 phosphorylation) of cAMP response element binding protein (CREB), 
and peroxisome proliferator-activated receptor gamma (PPAR g ) in cells isolated from induced sputum 
of COPD patients before and after tiotropium therapy. CREB is an end-point and integration site of 
several signaling pathways, with histone acetyltransferase (HAT) activity (Lim et al.  2011  ) , whether 
PPAR g  acts as nuclear hormone receptor regulating glucose metabolism and the expression of 
in fl ammatory cytokines with possible histone deacetylase (HDAC) activity (Miard and Fajas  2005  ) .  

    2.2   Methods 

    2.2.1   Subjects and Treatment 

 Twenty one (18 males and three females, mean age 65 years) COPD patients with stable disease, 
de fi ned according to Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines 
(Global Strategy for the Diagnosis, Management and Prevention of COPD  2008  )  were enrolled into 
the study. All patients with COPD had air fl ow limitation (FEV1 < 80% predicted, FEV1/FVC < 70%, 
GOLD stage 2–4) and received stable formoterol therapy for 4 weeks preceding inclusion. All subjects 
were characterized with respect to sex, age, smoking history, COPD symptoms, comorbidity, and 
current medical treatment. Exclusion criteria included the following: other systemic diseases, other 
lung diseases apart from COPD and lung tumors, pulmonary infection and antibiotic treatment 
4 weeks before inclusion, no inhaled or oral glucocorticosteroids in the 3 months preceding inclusion. 
All patients gave their informed consent after a full discussion of the nature of the study, which had 
been approved by a local Ethics Committee. No patient in the study had symptoms nor was treated for 
COPD exacerbation during at least 2 months preceding the day of inclusion. 

 The lung function and DLCO tests were performed with body box (Elite DL, Medgraphics, USA). 
The measurement was performed using standard protocols according to American Thoracic Society 
guidelines. Twenty one patients underwent 4 week stable therapy with 12  m g B.I.D. formoterol and 
subsequently were subjected to sputum induction. Next patients were treated for 12 additional weeks 
with add-on 18  m g Q.D. tiotropium and their sputum was collected.  
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    2.2.2   Sputum Induction and Processing 

 Sputum was induced by the inhalation of a 4.5% hypertonic aerosol saline solution, generated by an 
ultrasonic nebulizer (Voyager, Secura Nova; Warsaw, Poland) (Loh et al.  2005  ) . Throughout the 
procedure, subjects were encouraged to cough and to expectorate into a plastic container. Three  fl ow 
volume curves were performed before and after each inhalation, and the best FEV1 was recorded. 
Induction of sputum was stopped if the FEV1 value fell by at least 20% from baseline or if troublesome 
symptoms occurred. Samples were processed within 15 min after the termination of the induction. 

 Induced sputum samples were solubilized in equal volumes of 0.1% dithiothreitol (Sigma Chemicals 
Co, Poznan, Poland) in Hanks solution and incubated for 15 min in an ice bath. Cell suspension was 
then rinsed twice with Hanks solution,  fi ltered by a nylon membrane and centrifuged (1,000 rpm) on 
Histopaque 1077. Isolated cells were further processed to obtain cytosolic and nuclear fractions. 

 To isolate subcellular fractions, sputum cells were centrifuged, resuspended in cold hypotonic 
buffer containing 10 mM HEPES, pH 7.9, 1.5 mM MgCl

2
, 10 mM KCl, 50 mM dithiothreitol, 100 mM 

phenanthroline, 1 mg/ml pepstatin, 100 mM trans-epoxysuccinyl-L-leucylamido-(4-guanidino)butane, 
100 mM 3,4-dichloroisocoumarin, 10 mM NaF, 100 mM sodium orthovanadate, 25 mM b-glycero-
phosphate and centrifuged at 14,000 ×  g  for 5 min at 4°C (Mroz et al.  2007  ) . Cells were then lysed in 
a solution of the same buffer containing 0.2% (v/v) Nonidet P- 40 for 10 min on ice and centrifuged 
at 14,000 ×  g  for 10 min at 4°C. The supernatant was collected as a cytosolic extract. The remaining 
pellet was resuspended in extraction buffer (20 mM HEPES, pH 7.9, 420 mM NaCl, 1.5 mM MgCl2, 
0.2 mM EDTA, 25% (v/v) glycerol, 100 mM 3,4-dichloroisocoumarin), incubated for 15 min at 4°C, 
and centrifuged at 14,000 ×  g  for 10 min at 4°C. The supernatant including soluble nuclear protein was 
collected as a nuclear extract. 

 Cytosolic and nuclear fractions were evaluated for the expression of CREB and CREB-P proteins, 
while PPAR g  was assessed only in nuclear fractions using sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) and Western blots. Sample proteins were separated in reducing condi-
tions, transferred onto polyvinylidene di fl uoride (PVDF) membranes, and incubated with speci fi c 
rabbit monoclonal antibodies against human CREB or PPAR g  proteins (Abcam, Cambridge, USA). 
After washing, bound antibody was detected using appropriate secondary anti-rabbit antibody (Abcam, 
Cambridge, USA) linked to horseradish peroxidase. The bound complexes were detected using 
enhanced chemiluminescence (ECL, Amersham, GE Healthcare, Little Chalfont, UK) and quanti fi ed 
using Quantity One software (BioRad, Warsaw, Poland). The constitutively expressed protein – 
 b -actin, served as a loading control and the data were quanti fi ed in respect to  b -actin expression. For 
the negative control study, membranes were treated similarly but without the addition of primary 
antibody. Protein levels were measured using a BCA kit (Sigma-Aldrich, Poznan, Poland). 

 Statistical analysis was performed using statistical package – Statistica (Statsoft, Cracow, Poland) 
using nonparametric Wilcoxon test for paired data. The data were expressed as means ± SD. P < 0.05 
was as considered statistically signi fi cant.   

    2.3   Results 

 Table  2.1  and Fig.  2.1  show respiratory parameters: forced expiratory volume in one second (FEV1), 
inspiratory capacity (IC), residual volume ( RV) and residual volume divided by total lung capacity 
(RV/TLC) and biochemical data: cytosolic and nuclear CREB and phosphorylated CREB as well as 
nuclear PPAR g  levels in cells isolated from induced sputum of COPD patients before and after 
tiotropium ad-on therapy. Representative Western blot pictures of CREB, CREB-P and PPAR g  
protein are shown (Fig.  2.1 ). Therapy improved lung function parameters. After therapy, mean FEV1 
increased by 14% (P < 0.05), IC increased by 14% (P < 0.05), residual volume was reduced by 13% 
(P < 0.05), and RV/TLC decreased by 11% (P < 0.05) from baseline.   
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   Table 2.1    Respiratory parameters: forced expiratory volume in 1 s (FEV1), inspiratory 
capacity (IC), residual volume (RV) and residual volume divided by total lung capacity 
(RV/TLC) and cytosolic and nuclear CREB and phosphorylated CREB as well as nuclear 
PPAR g  levels (relative units) in cells isolated from induced sputum of COPD patients before 
and after tiotropium add-on therapy   

 Formoterol(F)  Formoterol + Tiotropium (FT) 

 FEV1 (L)  1.52 ± 0.18  1.73 ± 0.19* 
 % predicted  52%  56% 
 IC (L)  1.87 ± 0.13  2.14 ± 0.22* 
 % predicted  62%  71% 
 RV (L)  3.39 ± 0.21  2.92 ± 0.23* 
 % predicted  152%  132% 
 RV/TLC  53 ± 6%  47 ± 7%* 

 Cytosol  Nuclei  Cytosol  Nuclei 

 CREB  100.0 ± 21.3  100.0 ± 25.4  75.4 ± 18.4*  64.3 ± 26.2* 
 CREB-P  100.0 ± 37.2  100.0 ± 31.3  71.2 ± 19.3*  112.4 ± 7.5 
 PPAR g   100.0 ± 33.9  –  281.0 ± 45.7**  – 

  *P < 0.05; **P < 0.01 – comparing to corresponding data from F-monotherapy  
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  Fig. 2.1     (a) Respiratory parameters:  forced expiratory volume in one second ( FEV1 ), inspiratory capacity ( IC ), 
residual volume ( RV ) and residual volume divided by total lung capacity ( RV/TLC );  (b) Cytosolic and nuclear CREB, 
phosphorylated CREB, and nuclear PPAR g   (relative units) in cells isolated from induced sputum of COPD patients 
before and after tiotropium add-on therapy. Representative Western blot pictures of cytosolic and nuclear CREB, 
CREB-P, and PPAR g  protein are also shown.  F  formoterol,  FT  formoterol + tiotropium; *P < 0.05 and **P < 0.01 
compared with the corresponding data from F-monotherapy       
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 Tiotropium decreased expressions of CREB and phosphorylated CREB in cytosol by about 25% 
(P < 0.05) and 29% (P < 0.05) for cytosolic CREB and CREB-P, respectively. In cell nuclei CREB was 
also decreased after tiotropium therapy by about 36% (P < 0.05), but CREB-P levels were not altered. 
Comparing to values from patients on formoterol monotherapy, tiotropium signi fi cantly increased 
PPAR g  in cell nuclei (increase by about 180%, P < 0.01).  

    2.4   Discussion 

 We have previously shown that in cells isolated from induced sputum of COPD patients treated with 
tiotropium, acetylated H3 histone levels are signi fi cantly higher (Holownia et al.  2010  ) . This observa-
tion may be important to in fl ammatory signaling, because acetylated histones represent a type of 
epigenetic tag which is responsible for gene transcription within chromatin. Histone acetylation 
mediated by HAT neutralizes the positive charge on the histone molecules (Khan and Khan  2010  ) . As 
a consequence, chromatin is transformed into a more relaxed structure, associated with greater levels 
of gene transcription which is relevant to in fl ammatory signaling. In asthma, bronchial tissue and 
alveolar macrophages have increased HAT and decreased HDAC1 expression (Grabiec et al.  2008  ) . 
In COPD formoterol and glucocorticosteroids were found to increase HAT-active CREB, especially 
in the cytosol of sputum cells (Mroz et al.  2007  ) . In our patients cytosolic CREB (both inactive and 
phosphorylated) was slightly reduced after antimuscarinic therapy. In cell nuclei, unphosphorylated 
CREB was also lowered but phosphorylated, active CREB was not decreased after LAMA treatment. 
Given the important role of CREB in adrenergic signaling (Kaur et al.  2008  ) , it seems that described 
changes may re fl ect adaptation of adrenergic receptors to chronic stimulation of  b 

2
 receptors by 

 formoterol. It is interesting to note that the PPAR g  agonist rosiglitazone can decrease adrenoceptor 
desensitization and increase salbutamol effects on airway smooth muscle (Fogli et al.  2011  ) . On the 
other hand, it was shown, that downregulation of PPAR g  increased airway in fl ammation (Belvisi and 
Mitchell  2009  ) . We have found signi fi cant increase in PPAR g  expression in sputum cells, not only 
after tiotropium therapy, but also after formoterol/inhaled corticosteroids treatment (Holownia et al. 
 2008  ) . Although in the allergen challenge of asthmatic patients, rosiglitazone was associated with 
only modest reduction in the late asthmatic reaction (Richards et al.  2010  ) , our data suggest that com-
bined therapy of tiotropium and rosiglitazone in COPD may be more effective. 

 The role of tiotropium in regulation of histone signaling is not clear. However, interactions of anti-
cholinergic drugs and immune system are well established. It is well known that chronic lung diseases 
are related to  in utero  nicotine exposure (Miller and Marty  2010  ) . In COPD there is higher acetylcho-
line release, increased vagal tone, airway in fl ammation and increased mucus production, all ef fi ciently 
blocked by tiotropium (Gosens et al.  2006  ) . It has been shown that the bronchodilatory activity of 
tiotropium against acetylcholine-induced bronchoconstriction is in the same dose range as the anti-
in fl ammatory activity (Wollin and Pieper  2010  ) . In asthma, tiotropium bromide signi fi cantly reduced 
airway in fl ammation and the T helper cytokine production in bronchoalveolar lavage  fl uid (Ohta et al. 
 2010  ) . Our earlier data showed that tiotropium therapy involved pharmacodynamic changes in cholin-
ergic M3 receptors and alterations in histone acetylation (Holownia et al.  2010  ) . The present data 
suggest that the latter effect is most probably not mediated by alterations in CREB signaling. 

 Our results show that the mechanism whereby tiotropium reduces COPD exacerbations and ame-
liorates respiratory parameters is not only a result of persistent increase in airway functions and 
reduced hyperin fl ation caused by the drug, but also of its anti-in fl ammatory effects, involving increased 
PPAR g  and decreased CREB signaling.      

   Con fl icts of interest :  The authors declare no con fl icts of interest in relation to this article.  
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  Abstract   Apoptosis is the fundamental process necessary for eliminating damaged or mutated 
cells. Alterations in the apoptotic pathway appear to be key events in cancer development and 
progression. Bcl-2 is the key member of the Bcl-2 family of apoptosis regulator proteins with 
anti-apoptotic effects. Survivin acts as an inhibitor of apoptosis as well and has been implicated in 
both inhibition of apoptosis and mitosis regulation. p53 is one of the tumor suppressor proteins, 
prevents tumor formation through cell cycle blocking and eliminates damaged cells  via  the activa-
tion of apoptosis. The Ki-67 protein is a cellular marker for proliferation. To investigate the 
possible interactions of the aforementioned proteins, we examined their expression in 76 patients 
with diagnosed lung cancer using immunohistochemical visualisation. Ki-67 protein was expressed 
in the cancer cells of all patients with small cell lung cancer (SCLC). We found a negative correlation 
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between survivin and p53 expression. A decreased intensity of survivin expression and fewer cells 
positive for survivin (66.7%) in SCLC in comparison with other lung cancer types (98.0%) was 
detected. Reversely, expression of Bcl-2 was found in more than 90% of cases with SCLC. We 
hypothesize that high expression and intensity of Bcl-2 protein could be a factor behind a bad 
prognosis in SCLC.  

  Keywords   Lung cancer  •  Ki-67 protein  •  Bcl-2 protein  •  Survivin  •  p53 protein  •  Immuno histo-
chemistry    

    3.1   Introduction 

 Lung cancer has now become the leading cause of cancer deaths in both men and women 
worldwide (Ferlay et al.  2010 ; Krug et al.  2008  ) . Small cell lung cancer (SCLC) is an aggressive 
and highly metastatic disease, and it accounts for about one-quarter of all lung cancer cases. 
Although SCLC tumors are initially responsive to chemotherapy, multidrug resistance tends to 
develop after relapse, and the majority of SCLC patients die of their disease within 2 years (Tsao 
and Glisson  2006  ) . 

 Carcinogenesis is a multi step process involving changes in expression of many genes especially 
related to regulation of cell cycle, differentiation, and apoptosis. Apoptosis or programmed cell 
death is needed for maintenance of cell homeostasis and to destroy cells that represent a threat to the 
integrity of organism. Apoptosis can be induced by either speci fi c extracellular or internal signals. 
The molecular mechanisms involved in apoptotic enzymatic pathways have been suf fi ciently 
reviewed (Jinz and El-Deiry  2005  ) . Protein p53 plays an important role in apoptosis induction. It acts 
as a transcription factor which in humans is encoded by the TP53 gene (Matlashewski et al.  1984 ; 
Isobe et al.  1986  ) . p53 is activated by various stress signals such as radiation (UV, gamma, or X), 
carcinogens (polycyclic aromatic carbohydrates, heavy metals), oxidative stress, hypoxia, oncogene 
activation, telomere shortening, and others (Pluquet and Hainaut  2001  ) . Many genes are involved in 
p53-dependent apoptotic pathways (Moll and Zaika  2001 ; Schuler and Green  2001 ; Pietenpol and 
Stewardt  2002 ; Yu and Zhang  2005  ) . Expression and activity of p53 is precisely regulated at several 
levels (Coutts and Thangue  2006  ) . p53 prevents tumor formation through cell cycle blocking and 
eliminates damaged cells. Mutations or inactivation of p53 are the most frequent changes in tumor 
cells (Deng and Wu  2000  ) . 

 On the other hand, cancer cells overexpress proteins which can block the apoptosis. Survivin is 
a member of the apoptosis inhibitors (IAP) gene family, which has been implicated in both apopto-
sis inhibition and mitosis regulation (Altieri  2003  ) . Survivin upregulates genes in tumor tissues 
(Velculescu et al.  1999  ) . High survivin expression is related to poor prognosis in many cancer types 
(Kawasaki et al.  1998 ; Yamashita et al.  2007  ) . There are many studies showing that p53 leads to 
repression of survivin expression in non-small lung cancers (see e.g., Mirza et al.  2002  ) . However, 
the studies on the expression of the aforementioned proteins in SCLC are sparse (Nakano et al.  2005 ; 
Akyürek et al.  2006 ; Jin et al.  2006  ) . The Bcl-2 proto-oncogene functions as a suppressor of 
apoptotic death as well. The protein contributes to cell survival also by diminishing the rate of cell 
proliferation (Borner  1996  ) . It has been estimated that up to 90% of SCLC overexpress Bcl-2 
(Higashiyama et al.  1995  ) . Ectopic expression of Bcl-2 in a SCLC cell line increases resistance to 
apoptosis induced by chemotherapy (Shert et al.  2008  ) . The main characteristic of cancer cells is 
their ability to proliferate. The Ki-67 protein is used as a cellular marker of proliferation. Studies 
point to a prognostic value of Ki-67 in cancer, but the results are inconsistent (Soomro et al.  1998 ; 
Han et al.  2009 ; Skov et al.  2010  ) . 
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 In this study, we focused on the expression and correlation of selected pro- and anti-apoptotic 
proteins in different types of lung carcinoma.  

    3.2   Methods 

 A hundred operative samples from pulmonary carcinoma patients were evaluated for survivin, Bcl-2, 
Ki-67, and p53 expression. Seventy six of them were enrolled into this study. The remaining cases 
had to be excluded because of specimen damage. The hematoxylin and eosin stained slides from 
each case were independently reviewed by two pathologists to ascertain the diagnosis based on 
morphological and immunohistochemical parameters and correlated with clinical data. Three sections, 
4  m m thick, from each paraf fi n block were stained for p53 and survivin proteins. To achieve greater 
adherence of the sections to the glass surface, silanized slides (DAKO, Denmark) were used, baked 
for 2 h at 56°C before use. Then, the sections were deparaf fi nized in xylene for 20 min, rehydrated 
in a series of descending ethanol concentrations and washed with phosphate-buffered saline (PBS). 
The endogenous peroxidase activity was blocked with 3% hydrogen peroxide for 30 min. Antigen 
unmasking was achieved by heating the sections immersed in a target solution (DAKO) in water bath 
at 96°C for 45 min. Immunohistochemical staining was performed using monoclonal mouse anti-
p53 (Clone DO-7), anti-survivin (Clone12C4), anti-Ki-67 antibody (Clone MIB-1), and anti-Bcl2 
(Clone 124) antibodies; all diluted 1:50, obtained from DAKO. After overnight incubation, the p53 
and survivin antigens were visualized by means of the LSAB Visualization System (DAKO) using 
3,3’-diaminobenzidine chromogen as substrate, according to the manufacturer’s instructions. All 
sections were counterstained with Mayer’s hematoxylin (DAKO). Negative controls were obtained 
by omitting the primary antibodies. 

    3.2.1   Evaluation of Immunochemical Staining 

  S urvivin, p53, Bcl-2, and Ki-67 antibody stained sections were observed in a light microscope. In 
each case, the following features were assessed: (1) intensity of staining, (2) relative number of 
positively stained cells, and (3) subcellular localization of p53 and survivin antigens. 

 The positivity of cytoplasmic (C), nuclear (N), or a combination of both was determined. Survivin 
and p53 expressions were scored semi-quantitatively as follows:

    1.    The intensity of staining:

   a.    negative  
   b.    weak (+)  
   c.    moderate (++)  
   d.    strong (+++)      

    2.    Number of positively stained cells

   a.    more than 10% ( ³ 10%) per  fi eld of view  
   b.    less than 10% ( £ 10%) per  fi eld of view      

    3.    Subcellular localization of staining

   a.    nuclear (N) only  
   b.    cytoplasmic (C) only  
   c.    combined nuclear and cytoplasmic (NC)          
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    3.2.2   Statistical Analysis 

 Chi-square ( c  2 ) test or Fischer’s exact test was used for comparison between survivin and p53 
immunoreactivity. Spearman’s coef fi cient was used to estimate the correlation between parameters. 
All statistical calculations were performed using MedCalc v.5 software for Windows.   

    3.3   Results 

 The results of expression pro fi ling are summarized in Table  3.1  and illustrated in Fig.  3.1a–d . Survivin 
was predominantly expressed in both nucleus and cytoplasm in 58 cases (96.7%) (Fig.  3.1a ), whereas 
p53 was expressed in the nucleus only in 64 (90.1%) (Fig.  3.1b ). Expression of Ki-67 was found 
in nucleus (Fig.  3.1c ) and Bcl-2 was in the cytoplasm only (Fig.  3.1d ). In the majority of cases 
(17; 100% in SCLC and 49; 92% in NSCLC), there was >10% of positively stained cells per  fi eld of 
view for p53. All cases of SCLC showed the expression of Ki-67, but only 13 (78%) had >10% of 
positively stained cells per  fi eld; in NSCLC it was 48 (88%); the difference was insigni fi cant. Survivin 
was positively stained in 12 (66%) of cases in SCLC and in 48 (98%) cases in NSCLC. There was a 
negative correlation (r = −0.72) between survivin and p53 expression. It seems, therefore, that p53 
down-regulated survivin expression.   

 Comparison of SCLC and NSCLC for survivin expression showed a signi fi cant decrease in 
intensity and number of positive stained cells in the former type ( c  2 ; 15.30, P < 0.001 and 8.43, P < 0.05, 
respectively). There were no signi fi cant differences in intensity and number of positive cells for p53 
between SCLC and NSCLC. A different trend was found in Bcl-2 expression, where 13 cases 
(92%) in SCLC and only 44 cases (75%) in NSCLC expressed the protein, although the difference 
did not assume statistical signi fi cance ( c  2 ; 1.97, P = 0.15) . No correlations between Bcl-2 and 
p53 or survivin were observed.  

    3.4   Discussion 

 Lung tumorigenesis proceeds in multiple steps and is due to interrelated genetic events. p53 is a mul-
tifunctional protein that regulates cell division and activates apoptosis. On the other hand, survivin 
can act as an apoptosis inhibitor which is overexpressed in malignancies, including lung carcinoma. 

   Table 3.1    Expression of survivin, p53, Bcl-2, and Ki-67 in biopsies from patients with lung cancer   

 I  %  SL 

 Negative  +  ++  +++  <10  >10  N  C  NC 

 Survivin  SCLC  6  2  8  2  1  11  0  0  12 
 NSCLC  1  19  24  5  14  34  1  1  46 

 p53  SCLC  1  2  10  5  0  17  15  0  2 
 NSCLC  4  15  20  19  5  49  49  1  4 

 Bcl-2  SCLC  1  1  5  7  1  12  0  13  0 
 NSCLC  14  18  21  5  13  21  0  44  0 

 Ki-67  SCLC  0  1  6  7  3  11  12  0  0 
 NSCLC  6  0  24  30  6  48  49  0  0 

   I  intensity of immunoreactivity: + weak, ++ moderate, +++ strong, % of labeled cells;  SL : subcellular localization of 
survivin and p53 positivity:  N  nuclear,  C  cytoplasmic,  NC  nuclear and cytoplasmic  
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A lot of studies have focused on the relationship between survivin and p53 expression, but the results 
have been quite controversial. Jin et al.  (  2006  )  suggested that survivin expression is negatively 
regulated by p53. Nakano et al.  (  2005  )  investigated survivin and p53 expression in specimens from 
140 NSCLC patients. The authors found signi fi cant differences in survivin expression between 
squamous cell carcinomas and adenocarcinomas. Furthermore, survivin expression in tumors with 
mutant p53 was signi fi cantly higher than that in tumors with wild-type p53. They concluded that 
survivin gene expression is negatively regulated by p53 in NSCLC, and that survivin could inhibit 
apoptosis and accelerate tumor proliferation to produce more aggressive carcinomas. These  fi ndings 
are consistent with our results. We found a negative correlation between p53 and survivin expres-
sions that possibly con fi rms a relationship between these two opposite acting proteins. The opposite 
results were published by    Akyürek et al.  (  2006  ) . The authors investigated the role of survivin in 
the early steps of lung carcinogenesis, in NSCLC, and its relationship to the expression of p53. They 
found no correlation between survivin and p53 expression; however, the patients with the expression 
of survivin had clearly worse prognosis. 

 Dysregulation of the apoptotic process has been implicated in both tumorigenesis and therapeutic 
resistance. Key regulators of this process, which are overexpressed in SCLC pathology, include Bcl-2 
and TP53; the proteins which can synergize with classical oncogenes (Kitada et al.  1994 ; Higashiyama 
et al.  1995 ; Jiang et al.  1995 ; Schmitt et al.  2000 ; Wistuba et al.  2001  ) . In the present study, a high 
incidence of Bcl-2 expression was noted in SCLC which is in accord with the literature outlined 
above, but surprisingly this expression also was highly elevated in NSCLC. 

  Fig. 3.1    Immunoreactions in tumor cells. ( a ) Combined cytoplasmic and nuclear survivin expression; ( b ) Nuclear 
p53 expression; ( c ) Ki-67 nuclear expression; ( d ) Bcl-2 cytoplasmic expression. Original magni fi cations: ×400 in 
panel ( a ) and ×200 in the remaining panels       
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 The molecular mechanisms of tumor progression and apoptosis are still unclear. Several predictors, 
such as nodal involvement, tumor stage, Ki-67, Bcl-2, survivin, and p53 expressions have been 
reported. Nevertheless, the relationships of Ki-67, Bcl-2, p53, or survivin to the prognosis of lung 
cancer patients are still subject to varying interpretations (Mitsudomi et al.  2000 ; Fan et al.  2008 ; 
Yamashita et al.  2009  ) . To the best of our knowledge, our study is the  fi rst to show the expression of 
survivin in relation to p53 in small cell lung carcinomas, suggesting that survivin expression decreases 
in this type of cancer compared with other lung cancers. With regard to Bcl-2 protein, we can hypoth-
esize that it is critical for inhibiting apoptosis, particularly in small cell lung cancer cells. Alternative 
study designs are required to further explore the exact determinants of the activation of the proteins 
studied in lung cancer cells.      
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  Abstract   Chronic obstructive pulmonary disease (COPD) is a progressive, in fl ammatory condition, 
involving airways and lung parenchyma. The disease leads to air fl ow limitation, and pulmonary 
hyperin fl ation, resulting in dyspnea, decreased exercise tolerance, and impaired quality of life. COPD 
pharmacotherapy guidelines are based on a combination of long-acting beta2-agonists (LABA), long-
acting antimuscarinic agents (LAMA) and methyloxantins   . Recently, indacaterol, ultralong acting 
beta2-agonist, has been introduced. The aim of our study was to assess the impact of indacaterol 
add-on therapy on lung function, exercise tolerance and quality of life of COPD patients. Thirty four 
COPD patients, receiving stable bronchodilator therapy were randomly allocated into two arms of 
add-on treatment (1:1 – indacaterol:placebo) for 3 months. Indacaterol replaced LABA in all patients 
receiving LABA. Spirometry, lung volumes, DLCO, St George’s Respiratory Questionnaire (SGRQ) 
and 6 min Walk Distance (6MWD) were performed before and after therapy. We found that in the 
indacaterol group FEV1 did not changed signi fi cantly. However, there were signi fi cant improvements 
in ERV, 6MWD, and 6MWD-related dyspnea score. We also found that the degree of desaturation 
before and after 6MWD, and fatigue levels signi fi cantly improved in the indacaterol group. The 
patients’ quality of life also changed favorably in the indacaterol treatment arm. We conclude that the 
add-on therapy with indacaterol exerts positive effects in COPD patients.  

  Keywords   Antimuscarinic agents  •  COPD treatment  •  Dyspnea  •  Indacaterol  •  In fl ammation  •  Airway  
•  Quality of life  •  Six-minute walking distance  •  Spirometry  •  Pharmacotherapy    

    4.1   Introduction 

 Chronic obstructive pulmonary disease (COPD) is a major global health problem, as its mortality rate 
continues to climb steadily in most countries  ( Ford et al. 2011; Mannino and Buist  2007  ) . This 
progressive, in fl ammatory condition lead to air fl ow limitation, and pulmonary hyperin fl ation, resulting 
in dyspnea, decreased exercise tolerance and impaired quality of life of COPD patients (Rabe et al.  2007  ) . 
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Effective bronchodilation is an important part of the management of patients with COPD and can 
improve breathlessness and ability to undertake physical activities (Jones et al.  2011  ) . COPD pharma-
cotherapy guidelines recommend combination of long-acting beta2-agonists (LABA), long-acting 
antimuscarinic agents (LAMA), phosphodiesterase 4 (PDE-4) inhibitors and inhaled corticosteroids 
(ICS). Recently, indacaterol, a once-daily LABA indicated for maintenance treatment of moderate-
to-severe COPD, has been introduced (Cazzola et al.  2005  ) . Preliminary results from large clinical 
trials suggest that indacaterol improves lung function compared with placebo and other long-acting 
bronchodilators (Jones et al.  2011 ; Tashkin and Fabbri  2010  ) . The aim of our study was to assess the 
impact of indacaterol add-on to usual care therapy on lung function, exercise tolerance and quality of 
life of COPD patients.  

    4.2   Methods 

 The study was performed in conformity with the Declaration of Helsinki for Human Experimentation 
and the protocol was approved by a local Ethics Committee. Study group consisted of 34 COPD 
patients (30 males/4 females, mean age 63.4, range 53–75 years), receiving stable bronchodilator 
therapy (usual care) for over 3 months. The patients were randomly allocated to an add-on 300 mg 
indacaterol Q.D. treatment (1:1 – indacaterol:placebo) for 3 months. Indacaterol replaced LABA, i.e., 
salmeterol or formoterol in all patients receiving these drugs. Spirometry, lung volumes, DLCO (Elite 
DL; MedGraphics, St Paul, MN, USA), St George’s Respiratory Questionnaire (SGRQ) and 6 min 
Walk Distance test (6MWD) were performed before and after 1, 2, and 3 months (study group), or 
before and after 3 months of stable usual care (control) therapy. Additionally, 6MWD-related dysp-
nea and fatigue scores and arterial blood oxygen saturation were measured before and after the 6MWD 
test at each time point. 

 Statistical analysis was performed using Statistica 9.0 software (Stat Soft Inc., Tulsa, USA). K-S 
test was used for normality. All parametrical data was calculated by a  t -test. Otherwise a non-parametrical 
Mann Whitney test was used. Results were presented as means ± SD. A value of p < 0.05 was consid-
ered to be the level of statistical signi fi cance.  

    4.3   Results 

 In the indacaterol group (IND), forced expiratory volume in 1 s (FEV1) did not change signi fi cantly 
before/after add-on therapy, respectively: 1.78  vs.  1.84 L. We did not  fi nd any signi fi cant FEV1 
 difference in the control group either: 1.22  vs.  1.21 L, p > 0.05 (Fig.  4.1a ). There were, however, 
signi fi cant improvements in the IND group in inspiratory capacity (IC) (before/after add-on therapy, 
respectively): 2.04  vs.  2.28 L, p < 0.05, in expiratory reserve volume (ERV): 1.59  vs.  1.10 L, p < 0.05, 
and in the SGRQ score: 61.0  vs.  53.4, p < 0.05. The indices above outlined did not change appreciably 
in the control group before and after 3 months of usual care therapy (Fig.  4.1b , d).  

 Furthermore, we found that indacaterol improved physical ef fi ciency of the patients. In the IND 
group, before and after add-on indacaterol treatment, the distance in the 6MWD test was: 540  vs.  
559 m, respectively, p < 0.05; for comparison in the control group (CRTL) it was 473  vs.  469 m, 
pre and post 6MWD, respectively, p > 0.05 (Fig.  4.2a ). The 6MWD-related dyspnea score, before 
and after add-on indacaterol treatment, was: 0.4–2.6  vs.  0.2–1.6, respectively, p < 0.05; CRTL: 
0.8–2.0  vs.  0.8–2.2, pre and post 6MWD, respectively, p > 0.05 (Fig.  4.2b ). The 6MWD-related 
fatigue score, before and after add-on indacaterol treatment, was: 1.6–4.0  vs.  1.6–3.0, pre- and 
post-6MWD, respectively, p < 0.05; CTRL: 1.5–3.7  vs.  1.7–4.3, pre and post 6MWD, respectively, 
p > 0.05 (Fig.  4.2d ).  
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 Arterial blood oxygen saturation signi fi cantly increased before and after 3 months of add-on 
indacaterol treatment: 95.4–90.6, pre and post 6MWD, respectively,  vs.  96.0–93.5, pre and post 
6MWD, respectively, p < 0.05; CTRL: before usual care therapy – 90.6–89.6, pre and post 6MWD, 
respectively  vs.  90.8–87.5, pre and post 6MWD, respectively, p > 0.05 after 3 months of usual care 
therapy (Fig.  4.2c ).  

    4.4   Discussion 

 The long-term goal of COPD therapy is to provide retardation of the accelerated loss of lung 
function during the course of disease. In the present study we found signi fi cant improvement in lung 
function measured by inspiratory capacity (IC) and expiratory residual volume (ERV), in the add-on 
indacaterol therapy (IND) in comparison with usual standard therapy (CTRL). We did not  fi nd 
signi fi cant difference in FEV1. Although an improvement in the mean trough FEV1 is associated 
with a proportional improvement in health status of COPD patients (Westwood et al.  2011  ) , lung 
volumes such as IC and ERV are the key elements of detection of hyperin fl ation in COPD patients 
(Macklem  2010  ) . Our  fi ndings are consistent with reports by Beeh et al. (2011) who found that 
300  m g indacaterol administered once daily causes a clinically relevant increase in IC after 14 days 
of treatment. O’Donell et al.  (  2011  )  reported that indacaterol treatment improves the ability of COPD 
patients to exercise. In addition, the authors observed improvements in resting and end-exercise IC 
after a 3 week treatment. 

 The 6MWD with continuous pulse oximetry monitoring has widely been used to measure 
submaximal exercise performance of COPD patients, documenting the test-related oxygen desatura-
tion, dyspnea, and fatigue (Sciurba et al.  2003  ) . We found a signi fi cant increase in 6MWD achieved 
by indacaterol patients in comparison with control. The majority of 6MWD data are related to pulmo-
nary rehabilitation programs. Eisner et al.  (  2008  )  analyzed the impact of respiratory impairment on 
the risk of physical functional limitations among adults with COPD using: lower extremity function 
(short physical performance battery), submaximal exercise performance (6MWD), standing balance 
(functional reach test), skeletal muscle strength (manual muscle testing with dynamometry), and 
self-reported functional limitation (standardized item battery). The authors conclude that pulmonary 
function impairment may be associated with multiple manifestations of physical functional limita-
tion among COPD patients. Bailey et al.  (  2008  )  found that changes in 6MWD appear to have no 
relationship to changes in perceived quality of life. St. George’s Respiratory Questionnaire (SGRQ) 
is well validated, disease-speci fi c instrument available for health related quality of life (HRQL) status 
assessment in COPD, asthma and other lung diseases (Jones et al.  1991 ). We found that the inda-
caterol add-on treatment signi fi cantly improved HRQL measured by SGRQ. The impact of COPD 
pharmacotherapy on HRQL is one of its essential determinants in lung diseases. Moy et al.  (  2009  )  
studying multivariate models of determinants of HRQL in severe COPD concluded that FEV1, 
6MWD, and dyspnea signi fi cantly correlated with HRQL. They also found that a greater exercise 
capacity, prior participation in pulmonary rehabilitation, and the use of supplemental oxygen were all 
signi fi cantly associated with better HRQL; whereas self-perception of being disabled, depression, 
dyspnea, oral corticosteroid use, and daytime sleepiness were associated with worse HRQL. More 
recently, Celli et al.  (  2004  )  proposed the BODE index (body mass index – B, degree of air fl ow 
obstruction – O, dyspnea – D, and exercise capacity – E), measured by the 6MWD, as a simple mul-
tidimensional grading system for predicting the risk of death from any cause and from respiratory 
causes among patients with COPD. In the present study we found a signi fi cant increase in 6MWD-
related pre- and post-test: dyspnea index, blood saturation, and the level of fatigue. Camargo and 
Pereira  (  2010  ) , evaluating the correlations among various dyspnea scales, spirometric data, exercise 
tolerance data, and the BODE index in patients with COPD treated with formoterol, reported that the 
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MRC, BDI, and SOBQ correlated well with the 6MWD. Among the spirometric data, IC and FVC 
had the strongest correlations with 6MWD. The currently approved COPD pharmacotherapy includes 
combination of LABA, LAMA, PDE inhibitors, and ICS (Rabe et al.  2007  ) . For the last two decades 
COPD treatment was based on inhaled and oral medicines with 12-h duration of action (Cazzola et al. 
 1994  ) . Tiotropium bromide was the  fi rst, world-wide registered long-lasting anticholinergic drug pro-
viding 24-h duration of bronchodilation (Leckie et al.  2000 ; Maesen et al.  1993  ) . Tashkin and Fabbri 
 (  2010  )  suggested that the introduction of once-daily LABAs provides the opportunity to develop 
combination inhalers of two or more classes of once-daily long-acting bronchodilators, which may be 
advantageous for COPD patients through simpli fi cation of treatment regimens as well as improve-
ments in ef fi cacy. Based on the present  fi ndings, we conclude that the indacaterol add-on to usual 
standard therapy improves lung function, exercise capacity, and quality of life of COPD patients.      
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  Abstract   The dried blood spot (DBS) specimens have been successfully employed for the large-scale 
diagnostics of  a 1-antitrypsin (AAT) de fi ciency as an easy to collect and transport alternative to 
plasma/serum. In the present study we propose a fast, ef fi cient, and cost effective protocol of DNA 
extraction from dried blood spot (DBS) samples that provides suf fi cient quantity and quality of 
DNA and effectively eliminates any natural PCR inhibitors, allowing for successful AAT genotyping 
by real-time PCR and direct sequencing. DNA extracted from 84 DBS samples from chronic obstructive 
pulmonary disease patients was genotyped for AAT de fi ciency variants by real-time PCR. The results 
of DBS AAT genotyping were validated by serum IEF phenotyping and AAT concentration 
measurement. The proposed protocol allowed successful DNA extraction from all analyzed DBS 
samples. Both quantity and quality of DNA were suf fi cient for further real-time PCR and, if neces-
sary, for genetic sequence analysis. A 100% concordance between AAT DBS genotypes and serum 
phenotypes in positive detection of two major de fi ciency S- and Z- alleles was achieved. Both assays, 
DBS AAT genotyping by real-time PCR and serum AAT phenotyping by IEF, positively identi fi ed 
PI*S and PI*Z allele in 8 out of the 84 (9.5%) and 16 out of 84 (19.0%) patients, respectively. In 
conclusion, the proposed protocol noticeably reduces the costs and the hand-on-time of DBS samples 
preparation providing genomic DNA of suf fi cient quantity and quality for further real-time PCR or 
genetic sequence analysis. Consequently, it is ideally suited for large-scale AAT de fi ciency screening 
programs and should be method of choice.  

  Keywords   Alpha1-antitrypsin de fi ciency  •  Dried-blood spot  •  Genotyping  •  Real time PCR  •  Screening    

    5.1   Introduction 

 Alpha1-antitrypsin (AAT) de fi ciency (AATD) is a hereditary autosomal recessive disorder, one of the 
three most common genetic disorders in Caucasians. It considerably increases the risk of persistent 
pulmonary dysfunction, most often presented clinically as emphysema or chronic obstructive 
pulmonary disease (COPD) and chronic liver disorders such as neonatal liver disease, cholestasis or 
cirrhosis (Stolk et al.  2006  ) . 
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 The AAT protein is encoded by the protease inhibitor (Pi) locus located on chromosome 14q32.1 
(SERPINA1-gene). AAT gene is 12.2 kb in length with 7 exons (4 coding and 3 non-coding) and 6 
introns, while encoded protein includes 394 amino acids. The protease inhibitor locus is highly 
polymorphic with more than 120 single nucleotide polymorphisms (SNPs), resulting in numerous 
AAT isotypes effectively detected by isoelectric focusing (IEF). The wild type allele encodes the 
normal M-type protein. The most common mutations, E264V and E342K, result in the S-type (exon 3) 
and Z-type proteins (exon 5) respectively (DeMeo and Silverman  2004  ) . 

 Nearly 97% of the population is homozygous for the normal PI*M allele, while Z allele is present 
in 1 out of 100 healthy individuals. Calculated value of PI ZZ prevalence in the European population 
is 1:4,727, whereas in Poland it is 1:9,110 (Blanco et al.  2006 ; Kaczor et al.  2007  ) . Still, in the high 
risk group of patients with COPD Z allele is detected in up to 10%, ten times the frequency of the 
normal population. 

 Unfortunately, routine diagnostics for AAT de fi ciency is not freely available in number of European 
countries despite the fact that it is the major known genetic risk factor for COPD, the fourth leading 
cause of death (Brantly  2006  ) . The joint guidelines of the American Thoracic Society/European 
Respiratory Society and the recent recommendations of the Polish Respiratory Society strongly rec-
ommend testing for AAT de fi ciency in individuals with  fi xed airway obstruction and some other 
respiratory and liver disorders (ATS/ERS  2003 ; Chorostowska-Wynimko et al.  2010  ) . 

 The diagnosis of AAT de fi ciency is based exclusively on laboratory analyses involving combina-
tion of quanti fi cation, phenotyping, and genotyping. Although the assessment of AAT plasma/serum 
concentration is commonly performed by hospital laboratories, the isoelectric focusing, the gold 
standard for identi fi cation of de fi ciency alleles is technically challenging and requires a laboratory 
with highly quali fi ed personnel. Meanwhile, genotyping allows only identi fi cation of the most common 
and clinically signi fi cant S and Z AAT de fi ciency alleles at the DNA level. The real-time PCR is con-
sidered the most robust and ef fi cient method for fast AAT de fi ciency diagnostics, particularly useful for 
the population screening. 

 Similarly, dried blood spot (DBS) specimens have been successfully employed for large-scale 
diagnostics of AATD as an easy to collect and transport alternative to plasma/serum (Laurell and 
Sveger  1975  ) . In 1998, the feasibility of PCR ampli fi cation of DBS-derived DNA was reported for the 
 fi rst time followed by the protocols allowing ef fi cient AAT level determination and phenotyping 
(Caggana et al.  1998 ; Costa et al.  2000  ) . The current algorithm for AATD screening suggests DBS 
samples analysis for AAT levels and subsequent genotyping for the two most common de fi ciency 
variants (S and Z) (Ferrarotti et al.  2007  ) . Still, DNA isolation from DBS samples is quite challenging. 
It usually provides only minute amounts of DNA, often characterized by low quality, therefore affect-
ing diagnostic procedure and results reliability. 

 Here, we propose the fast, ef fi cient, and cost effective protocol of DNA extraction from DBS 
samples allowing effective AAT genotyping by hydrolysis probe-based real-time PCR and direct 
sequencing. It overcomes major technical obstacles affecting PCR reaction due to the purity of DBS 
DNA or interference of natural blood-derived PCR inhibitors. For the purpose of assay validation, the 
DBS AAT genotyping results were con fi rmed by ‘gold-standard’ IEF serum phenotyping and referred 
to serum AAT concentration assessed by immune nephelometry.  

    5.2   Methods 

 The study was in conformity with the    Declaration of Helsinki of 1989 of the World Medical Association 
and was approved by a local Ethics Committee. Serum and DBS samples were collected simultane-
ously from 84 patients with chronic obstructive pulmonary disease diagnosed according to GOLD 
criteria referred to the Laboratory of Molecular Diagnostics and Immunology, National Institute of 
Tuberculosis and Lung Diseases in Warsaw for routine diagnostics (GOLD  2010  ) . 
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    5.2.1   Preparation of DBS Samples 

 The DBS samples were prepared for each patient by dropping of whole blood (ca. 50  m L per spot) 
from a  fi nger prick onto the  fi lter paper (Whatman #903), as described previously McDade et al. 
 (  2007  ) . The samples were allowed to air-dry overnight prior to storage with desiccant in sealable 
plastic bags or mailing to the diagnostic laboratory.  

    5.2.2   DNA Extraction from DBS 

 Genomic DNA was extracted from DBS by use of the Extract-N-Amp Blood PCR Kit (Sigma-Aldrich, St. 
Louis, MO) according to the manufacturer’s protocol. One 3-mm disc was punched from the blood card 
and placed into a microcentrifuge tube where the blood was lysed by incubation in 20  m L of the lysis 
solution at 55°C for 15 min. Next, 180  m L of neutralization solution was added to the blood and mixed 
thoroughly by vortexing. The neutralized blood extract was stored at 4°C (up to several months) or used 
immediately in PCR. In our protocol, 1  m L of neutralized blood extract provided 0.2–0.5 ng of genomic 
DNA, which was assessed by quantitative PCR with human  b -actin gene as the amplifying target (99 bp).  

    5.2.3   Genotyping of PI*S and PI*Z AAT Alleles by Real-Time PCR 

 AAT genotyping was performed in the LightCycler 480 II instrument (Roche Diagnostics Ltd., 
Switzerland) using a set of speci fi c oligonucleotide primers and 3 ¢ -minor groove binding (MGB) 
hydrolysis probes for PI*S and PI*Z alleles (sequences available upon request). All primers and MGB 
probes were synthesized by Applied Biosystems. Each 20- m L reaction contained: 3  m L of neutralized 
blood extract, 10  m L of 2 × ready-to-use PCR supermix (FastStart Universal Probe Master, Roche 
Applied Science, Mannheim, Germany), primers (0.75  m M each) and MGB probes (0.25  m M each), 
PCR water. Each assay included an S/Z heterozygote, Z/Z homozygote and M/M homozygote (non-Z, 
non-S) controls, and no-template control. Two duplex real-time PCR reactions were performed simul-
taneously using  fl uorescent hydrolysis probes for detection of both wild-type and variant alleles. 

 The assembled reaction mixtures were ampli fi ed in 96-well microplates (Roche Applied Science) 
using the following cycling conditions: 10 min incubation at 95°C followed by 40 cycles at 95°C for 
20 s, and at 60°C for 60 s. Fluorescence emissions of PI*S and PI*Z probes were detected in FAM 
channel and VIC channel respectively during the 60°C annealing step of each PCR cycle. The 
ampli fi cation results were interpreted according to the conventional endpoint genotyping principles 
using the LightCycler 480 Software, version 1.5 (Roche Applied Science). 

 It should be noted that the Extract-N-Amp Blood PCR Kit contains all the reagents needed to 
rapidly extract and amplify human genomic DNA from DBS; however, it is not originally dedicated 
for MGB-probe-based real-time PCR and as such the assay may require more stringent reaction 
conditions and additional optimization. Therefore, in the described protocol we propose to combine 
the Extract-N-Amp Blood PCR Kit for DNA extraction with any of TaqMan probe supermixes for 
ef fi cient real-time PCR analysis.  

    5.2.4   AAT Sequence Analysis 

 DNA extracted from DBS was ampli fi ed by conventional PCR prior to direct sequence analysis. Each 
20- m L reaction contained: 2  m L of neutralized blood extract (containing template DNA), 10  m L of 
Extract-N-Amp Blood PCR Ready Mix (Extract-N-Amp Blood PCR Kit, Sigma-Aldrich, St. Louis, 
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MO), 0,4  m M of each primer and PCR water. Primers used for ampli fi cation and sequence reactions 
are listed in Table  5.1 , as described previously (Ferrarotti et al.  2007 ; Zorzetto et al.  2008  ) . Sequence 
reactions were performed as indicated by the manufacturer. ExoSAP-IT (USB, Cleveland) was used 
for PCR clean-up according to the manufacturer’s protocol. Brie fl y: 2  m L of PCR product was mixed 
with 7  m L of ExoSAP-IT and incubated at 37°C for 15 min in thermalcycler (enzymatic removal of 
dNTP and single-stranded primer residuals) followed by 80°C for 15 min (ExoSAP-IT enzyme 
inactivation). Sequence analysis of AAT exons 2–4 was performed in 16-capillary 3130xl Genetic 
Analyzer (Applied Biosystems, USA) by Genomed (Warsaw, Poland).   

    5.2.5   Quantitative Determination of Serum AAT Concentration 
by Immune Nephelometry 

 The AAT measurement was performed in serum samples using a rate immune nephelometric method 
(Immage 800 Immunochemistry System, Beckman-Coulter, USA) with a commercially available 
reagents containing goat anti-human AAT antibody (Beckman-Coulter, USA). The immune nephelom-
eter automatically dilutes samples 1:216 to achieve optimum antigen-antibody equilibrium in the assay. 
The normal range for AAT in serum samples was 88–174 mg/dL with cutoff value of 120 mg/dL.  

    5.2.6   Phenotyping of Serum AAT by Isoelectrofocusing (IEF) 

 Phenotype analysis of serum AAT was performed by IEF on polyacrylamide gel with pH of 4.2–4.9 
using Multiphor II Electrophoresis System (GE Healthcare Bio-Sciences AB, Uppsala, Sweden) as 
described previously (Jeppsson and Franzén  1982  ) . Each assay included control samples of 
individuals with known phenotypes (M1M2, MS, MZ and ZZ) established as standards by sequencing. 
Phenotypes of serum AAT samples were determined by comparing their migration patterns with 
control material.   

    5.3   Results 

 The one-step protocol of rapid DNA extraction allowed successful DNA isolation from all analyzed 
DBS samples collected in 84 COPD patients. Both quantity and quality of DNA was suf fi cient for 
further real-time PCR analysis of all samples. The 100% concordance between AAT DBS genotypes 

   Table 5.1    Primers used for PCR ampli fi cation and sequence reactions   

  AAT E xon   P rimer   S equence 

 II  2exF  5 ¢ -ACGTGGTGTCAATCCCTGATCACTG-3 ¢  
 2exR  5 ¢ -GAGTTCAAGAACTGATGGTTTGAG-3 ¢  

 III  3exF  5 ¢ -GCTACACTCTTCCAAACCT-3 ¢  
 3exR  5 ¢ -GTTCTCCTCATGGAGCAT-3 ¢  

 IV  4exF  5 ¢ -CACTTGCACTGTGGTGGGTCCCAG-3 ¢  
 4exR  5 ¢ -TTCTTCCCTACAGATACCATGG-3 ¢  

 V  5exF  5 ¢ -GAGCCTTGCTCGAGGCCTGGGATC-3 ¢  
 5exR  5 ¢ -CAGAGAAAACATGGGAGGGATTTACA-3 ¢  
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and serum phenotypes in the positive detection of two major de fi ciency alleles was achieved. Both 
assays, the real-time PCR genotyping of AAT from DBS samples and serum AAT phenotyping by IEF 
positively identi fi ed PI*S and PI*Z alleles in 8 (9.5%) and 16 out of the 84 (19%) patients, respec-
tively (Table  5.2 ).  

 In the allelic discrimination assay, two duplex real-time PCR reactions were performed using a set 
of  fl uorescent hydrolysis probes recognizing speci fi cally the wild-type, S, and Z variation. It allowed 
determining the homozygous (3 out of the 16 patients had ZZ genotype) or heterozygous AAT 
genotype for each de fi ciency allele (Fig.  5.1 ). Thus, if single Z allele was detected, an individual was 
recognized as the Z heterozygote with Z/non-Z genotype, consistent with the carrier status. In 
individuals referred as (non-S, non-Z)Z genotype, the Z variation at codon 288 was present and the 
wild-type allele at the codon associated with the S allele. An analogous interpretation was accepted 
for the patient with a single S allele detected, referred further to (non-S, non-Z)S genotype. If neither 
Z nor S alleles were revealed by genotyping, the patient was described as the wild-type homozygote 
(two wild-type alleles). In genotype analysis, 61 out of the 84 (72.5%) DBS samples were negative for 
either S or Z allele, consistent with the non-S, non-Z genotype.  

 The results of DBS AAT genotyping were related to the serum AAT concentration. All patients identi fi ed 
as MM homozygote presented the mean serum AAT level of 148 mg/dL (normal range 88–174 mg/dL, 

   Table 5.2    Results of DBS AAT genotyping, serum AAT phenotyping, and concentration 
measurement (mg/dL)   

 Serum AAT Phenotyping  Serum AAT Concentration  DBS AAT Genotyping 

 Phenotype (n)  Means ± SD (range)  Genotype (n) 

 MM (60)  148 ± 35 (88–310)  non-S, non-Z (61) 
 FM (1)  146 (– )  
 MS (8)  127 ± 35 (86–249)  [non-S, non-Z]S (8) 
 MZ (13)  95 ± 28 (60–189)  [non-S, non-Z]Z (13) 
 ZZ (3)  34 ± 16 (17–52)  ZZ (3) 

  AAT genotype was determined by real-time PCR ampli fi cation of DNA extracted from 
DBS. Serum AAT phenotype was assessed by isoelectric focusing and concentration was 
measured by immune nephelometry  

  Fig. 5.1    DNA ampli fi cation curves ( a ) and allelic discrimination plot ( b ) for real-time PCR genotyping of AAT. The 
real-time PCR reaction was performed as duplex using the pair of dual-labeled  fl uorescent probes for detection of both 
wild-type and PI*Z variant alleles (similarly for PI*S). PCR ampli fi cation plots were baseline-subtracted and  fi tted 
automatically by the software of  LightCycler 480. Genotypes were automatically scored using the endpoint genotyping 
graph for FAM  vs.  VIC  fl uorescence          
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cut-off value of 120 mg/dL). The presence of PI*S de fi ciency allele in heterozygous genotype was not 
accompanied by a marked decrease in AAT serum concentration (mean 127 mg/dL). In most patients with 
MS genotype, the quantitative results were within normal limits (range 86–249 mg/dL). On the contrary, 
the presence of PI*Z allele in either heterozygous or homozygous genotype contributed to lower levels of 
serum AAT concentration (mean 95 and 34 mg/dL for MZ and ZZ, respectively). 

 In one sample recognized by genotyping as consistent with non-S, non-Z genotype, IEF analysis 
revealed an FM rare phenotype (Fig.  5.2 ). The AAT serum level was within normal limits (146 mg/dL) 
as it is usually observed for this phenotype. Subsequently, direct sequencing demonstrated the 
exchange from CGT to TGT at codon 223 in exon III – characteristic for the PI*F AAT variant. The 
DNA extracted from DBS by our rapid protocol provided excellent genotyping results by means of 
the real-time PCR ef fi ciency and sequencing peak quality.   

    5.4   Discussion 

 We propose the simple, fast and ef fi cient protocol of DNA extraction from DBS specimens for AAT 
genotype analysis by real-time PCR. We demonstrated that DNA extraction from DBS using neutral-
ized blood in a very short time provides genetic material of suf fi cient quality and quantity for reliable 
AAT S- and Z- alleles genotyping. Diagnostic reliability of this protocol was con fi rmed by 100% 
concordance in positive detection of the two major de fi ciency alleles PI*S and Pi*Z by the DBS 
genotyping and ‘gold-standard’ IEF serum phenotyping. Genotyping results were also consistent with 
the nephelometric quanti fi cation of serum AAT. 

 Though IEF is still considered the ‘gold standard’ in AAT diagnostics, it is also more costly and 
time-consuming. According to current guidelines, it is still irreplaceable for detection of rare AAT 
variants. However, in the routine diagnostics of the most common and clinically relevant S- and 

  Fig. 5.2    Results of serum phenotyping and direct sequencing of DBS-extracted AAT gene DNA from the patient 
subsequently diagnosed with FM mutation variant. The exchange from CGT to TGT at codon 223 in exon III of AAT 
is demonstrated on the sequencing histogram. The additional AAT migration bands in the stained IEF gel are character-
istic for the PI*F variant of AAT. The ‘gold standard’ phenotyping was performed by isoelectric focusing (IEF)       
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Z- de fi ciency variants and particularly in large-scale screening, genotyping supplemented with AAT 
serum quanti fi cation is recommended as an equivalent method (Costa et al.  2000  ) . 

 Several assays have been developed for AAT PI*S and PI*Z genotyping, including PCR-mediated 
sited-directed mutagenesis (Tazelaar et al.  1992  ) , single-strand conformation polymorphism analysis 
(SSCP) (Ortiz-Pallardo et al.  2000  ) , PCR restriction fragment length polymorphism analysis 
(Ferrarotti et al.  2004  )  and DNA sequencing (Ferrarotti et al.  2007  ) . All of them are rather cost and 
labor consuming, and require relatively large amounts of DNA usually obtained from peripheral-
blood mononuclear cells. 

 As mentioned before, the importance of DBS sampling for AAT screening programs is due to an 
easy and cheap collecting and delivery to the central laboratory. Still, DBS samples provide only 
minute amounts of DNA that are often characterized by low purity and contain natural PCR inhibitors 
interfering DNA ampli fi cation (Caggana et al.  1998  ) . Consequently, only few PCR-based protocols 
proved adequate for ef fi cient AAT genotyping of DBS-derived material. 

 Costa et al. ( 2000 )    described the AAT de fi ciency screening algorithm using DBS specimens 
and a fast and cheap procedure of DNA extraction. The PCR-inhibiting components were eliminated 
by heating of water-washed DBS sample for 10 min at 99°C. Subsequently, four exons of the AAT 
gene were ampli fi ed by PCR and directly sequenced. Two years later protocol was modi fi ed and 
overnight incubation of DBS disc at 60°C was included, followed by 80°C for 30 min and 30-min 
centrifugation. That allowed more ef fi cient elimination of contaminants and DNA elution, although 
considerably extended the procedure (Rodriguez et al.  2002  ) . Though extremely cheap and effective 
in providing suf fi cient quantity and quality DNA, this protocol has one important limitation. The 
procedure highly relies on the manual skills of the laboratory personnel, thus hampering the proper 
quality control and result reproducibility. In our experience, the extremely high sensitivity of 
real-time PCR assay in detecting even trace amounts of DNA is also the main cause of its considerable 
vulnerability to sample contamination and inhibitors ampli fi cation that might result in AAT geno-
type misclassi fi cation. 

 As an alternative, large-scale extraction of DNA from DBS samples using paramagnetic resin or 
minicolumns was proposed (Ferrarotti et al.  2007 ; Snyder et al.  2006  ) . Though very ef fi cient, is both 
time-consuming and labor-intensive when performed manually, otherwise requires expensive auto-
mated systems. Meanwhile, we propose a simple, fast and reliable method of DNA extraction from 
DBS samples that requires only 15-min lysis of blood resin and mixture neutralization by the use of 
commercially available reagents. In our experience, optimized real-time PCR-ready supermix and 
only 3  m L of neutralized DNA extract provide suf fi cient amount of template material for AAT geno-
typing. The included  Taq  polymerase allows for speci fi c hot start ampli fi cation, still the direct addi-
tion of speci fi c primers and probes for real-time PCR might require additional optimization. In order 
to amplify the DNA template prior to direct sequencing, the neutralized DNA extract is to be simply 
mixed with the other component containing buffer, salts, dNTPs and  Taq  polymerase. It is also worth 
mentioning that the presented protocol might be optimized for rapid extraction of human genomic 
DNA from whole blood. 

 As emphasized, genotyping is not a method of choice for non-S, non-Z AAT mutations detection. 
The FM variant of AATD was not identi fi ed by real-time genotyping and with AAT serum concentra-
tion far within normal limits would be undetected by any routine screening implementing those two 
methods. As presented in our study, only IEF phenotyping or DNA sequencing provides suf fi cient 
diagnostic reliability for that purpose. Hence, routine AAT de fi ciency diagnostic algorithm combines 
AAT serum quanti fi cation and AAT phenotyping. In case of discordance between AAT concentration 
and phenotype or rare/unknown variant detection the diagnosis of hereditary AATD is established by 
AAT gene sequencing. 

 Still, large-scale screening programs, as a rule, target the most common and clinically relevant 
types of AAT de fi ciency, all of them due to the S-, or Z-allele mutations. Fast AATD screening 
by genotyping for PI*S and PI*Z variants simpli fi es the laboratory assessment of AAT de fi ciency 
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allowing for correct identi fi cation of ~96% of AATD individuals (Snyder et al.  2006  ) . Interestingly, 
the combination of AAT concentration assessment and AAT genotyping, followed by IEF pheno-
typing if necessary, provides a sensitivity ~98% (Bornhorst et al.  2007  ) . 

 The presented one-step protocol implementing DNA extraction by blood neutralization allows for 
the ef fi cient use of dried blood spots (DBS) for diagnostic genotyping and sequencing. As shown in 
present study, it provides a good quality material suf fi cient for a reliable sample evaluation by fast and 
a highly sensitive real-time PCR method producing data concordant with the ‘gold standard’ IEF 
phenotyping. The method also is considerably more cost and time effective.      
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  Abstract   Calcium release-activated calcium channels (CRAC) play unambiguous role in secretory 
functions of mast cells, T cells, and eosinophils. Less knowledge exists about the role of CRAC, widely 
distributed in airway smooth muscle (ASM) cells, in airway contractility. The presented study seeks to 
determine the possible participation of CRAC in ASM-based in fl ammatory airway disorders in guinea 
pigs. The acute and long-term administration (14 days) of the CRAC antagonist 3- fl uoropyridine-
4-carboxylic acid was used to examine the ASM contractility and associated re fl exes in the guinea pig 
model of allergic airway in fl ammation by the following methods: (i) evaluation of speci fi c airway resistance 
 in vivo ; (ii) evaluation of the contractile response of isolated ASM strips  in vitro ; and (iii) citric acid-
induced cough re fl ex; (iv) measurement of exhaled NO levels (E 

NO
 ). Allergic airway in fl ammation was 

induced by repetitive exposure of guinea pigs to ovalbumin (10 −6  M). The CRAC antagonist administered 
in a single dose to guinea pigs with con fi rmed allergic in fl ammation signi fi cantly reduced the cough 
response and the airway resistance, which corresponded with the  fi ndings  in vitro . Long-term application 
of the CRAC antagonist had more strongly expressed effects. The results con fi rm the role of CRAC in the 
pathophysiology of experimental animal asthma and have a potential meaning for anti-asthma therapy.  

  Keywords   Allergic in fl ammation  •  Airway  •  CRAC channels  •  Cough  •  Mast cells    

    6.1   Introduction 

 The intracellular free calcium (Ca 2+ ) is a ubiquitous second messenger that regulates rapid cellular 
responses ranging of secretion and cytoskeletal remodelling to long-term events such as cell prolifera-
tion and differentiation (Berridge et al.  2000  ) . Cytosolic Ca 2+  is adjusted through an in fl ux of Ca 2+  by 
voltage-, sensory-, or ligand-gated opening of plasma membrane channels and signal-mediated opening 
of calcium channels in the endoplasmic reticulum (ER) (Berridge et al.  2003  ) . The molecular 
mechanisms and consequences of Ca 2+  signaling are especially well characterized in cells of the 
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immune system. The primary mechanism of Ca 2+  in fl ux into cells of the peripheral immune system is 
a process known as store-operated Ca 2+  entry. Previously, Putney  (  1986  )  suggested that depletion of ER 
Ca 2+  stores could evoke sustained Ca 2+  in fl ux across the plasma membrane of non-excitable cells 
independently of receptor engagement or generation of second messengers. Parallel biophysical 
experiments established that lymphocytes and mast cells indeed express store-operated Ca 2+  channels 
(SOC) that can be opened in response to store depletion by various agents (Lewis  2001 ; Parekh and 
Putney  2005  ) . These channels termed CRAC (calcium release–activated calcium) channels contain as 
their pore subunits a class of four-pass transmembrane proteins Orai (a member of transient receptor 
potential proteins, TRP), gated by ER transmembrane proteins known as STIM. STIM proteins, the 
sensor of stored calcium, sense the depletion of Ca 2+  from the ER, oligomerize, translocate to junctions 
adjacent to the plasma membrane, organize Orai (the pore-forming subunit) into clusters and open these 
channel (Hogan and Rao  2007  ) . Increasing intracellular calcemia leads to dissociation of subunits and 
inhibits CRAC channel function. CRAC channel activity represents a chief mechanism of Ca 2+  entry 
triggered when the endoplasmic reticulum (ER) Ca 2+  store is depleted in mast cells and T cells (Ishikawa 
et al.  2003 ). These channels, along with eosinophils, are believed to be key cellular effectors which release 
mediators, granule proteins, and cytokines, resulting in the main clinical symptoms of asthma and other 
allergic diseases (Feske  2007  ) . Mast cells have key functions as effectors of IgE-mediated allergic 
in fl ammation. Allergen stimulation induces Ca 2+  in fl ux and elicits the secretion of in fl ammatory mediators 
from mast cells. However, resting lymphocytes maintain a low concentration of Ca 2+  and engagement 
of antigen receptors induces calcium in fl ux from the extracellular space (Hogan et al.  2010  ) . 

 CRAC channels are also widely distributed within airway smooth muscle cells and up-regulated in 
asthma. The contractile response of airway smooth muscle cells is dependent on both release from 
intracellular stores and in fl ux through non-voltage-dependent pathways. The mechanisms of SOC 
entry in smooth muscle remain still incompletely understood. Recently, Peel et al.  (  2008  )  demon-
strated expression and roles for ORAI homologues in store-operated calcium in fl ux in primary 
cultured HASM cells, using the RNA interference approach. Since both the mechanisms underlying 
the activation of airway smooth muscle contraction and the immunological base are of fundamental 
importance to asthma, in the present study we set out to determine the role of CRAC channels in an 
experimental asthma model.  

    6.2   Methods 

    6.2.1   Animals 

 The experiments were approved by a local Ethics Committee of the Jessenius Faculty of Medicine in 
Martin, Slovakia, were performed in accordance with the revised Declaration of Helsinki from 1983 
and followed the EU criteria of experimental animals’ well fare. The animals used in the study – adult 
male Trik strain guinea pigs, weighing 150–350 g – were obtained from the Department of Experimental 
Pharmacology, Slovak Academy of Sciences, Dobra Voda, Slovakia and from a breeding facility of 
Velaz in Prague, Czech Republic and were housed in approved animal holding facility. A total of 64 
animals were used in experiments. The guinea pigs were divided into the following groups, each 
consisting of eight animals:

    1.    Negative controls – one group of sensitized animals was used only for histological studies on 
Day 7 of sensitization, a second group received solvent used in the study (water for injection) in 
a dose 1 ml kg −1 , i.p.  

    2.    Positive controls – two groups of sensitized guinea pigs received salbutamol (10 mg kg −1 , i.p.) or 
codeine (10 mg kg −1 , i.p.). Salbutamol was used as a control drug in tests of ASM reactivity and 
codeine in the measurement of cough response.  
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    3.    Experimental groups – four groups of animals underwent acute (single dose: 1.3, 1.5, and 1.7 mg kg −1 , 
i.p.) or long-term therapy (dose 1.5 mg kg −1 , i.p.) by the CRAC channels antagonist 3- fl uoropyridine-
4-carboxylic acid (C 

6
 H 

4
 FNO 

2
 ). The dose for long-term administration was selected from the doses 

used in acute therapy according to their in fl uence on the defense airway re fl exes.      

    6.2.2   Antigen-Induced Airway Hyperresponsiveness 

 Sensitization of animals by the antigen ovalbumin, which causes airway reactivity changes on 
immunological basis, was performed during 21 days. The allergen (ovalbumin – 10 −5  mol l −1 ) adsorbed 
on Al(OH) 

3
  was administered on Day 1 of sensitization (0.5 ml, i.p. and 0.5 ml, s.c.) and on Day 3 

(1 ml, i.p.). Inhalation of the ovalbumin aerosol (PARI Jet Nebuliser, Paul Ritzau, Pari-Werk, Germany; 
output 5 l s −1 , particles mass median diameter 1.2  m m) during 1–2 min intervals was performed on 
Days 9, 12, 15, 18, and 20 using a double-chamber whole body plethysmograph (HSE type 855, Hugo 
Sachs Elektronik, Germany). Aerosol was delivered to the head chamber of the plethysmograph. All 
tests with sensitized animals were accomplished 24 h after the last allergen provocation on Day 21.  

    6.2.3   Chemicals 

 3- fl uoropyridine-4-carboxylic acid was obtained from Alfa Aesar (Germany), citric acid, salbutamol, 
codeine and acetylcholine and histamine were purchased from Sigma-Aldrich (Lambda, Slovakia). 
The CRAC channel blocker, salbutamol, and codeine were dissolved in water for injection and all 
other drugs in 0.9% saline.  

    6.2.4   Evaluation of Airway Smooth Muscle (ASM) Reactivity In Vivo 

 ASM reactivity was evaluated using the double-chamber plethysmograph. The values of speci fi c 
airway resistance (RV) calculated after Pennock et al.  (  1979  )  and their changes were regarded as an 
indicator of  in vivo  airways reactivity. RV is proportional to the phase difference between nasal and 
thoracic respiratory air fl ow. This non-invasive plethysmographic technique is commonly used for the 
evaluation of the effects of bronchoactive substances (Tohda et al.  2000  ) . 

 RV was measured during 1 min after exposure to citric acid and recording the cough response. The 
intensities cough and RV prior to administration of salbutamol, solvent, and the CRAC channel antag-
onist were taken as baseline (N value in graphs). The next measurements were taken at 1, 2, and 5 h 
time intervals. Between the recording of the cough response and the measurements of RV there was a 
2-min time lapse, during which fresh air was insuf fl ated into the nasal chamber.  

    6.2.5   Cough Re fl ex Assessment 

 We used citric acid aerosol in concentration of 0.3 M in saline for cough provocation (Sutovska et al. 
 2007  ) . The following two methods for detection of cough were used to distinguish the cough efforts 
from sneezing and movements:

   Changes in expiratory air fl ow interrupting the basic respiratory pattern during cough effort were • 
measured by a pneumotachograph connected to the head chamber of the plethysmograph.  
  Typical cough re fl ex movements and sounds were recognized by a trained observer.    • 
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 Inhalation of citric acid in the plethysmograph lasted for 3 min. During this time, the number of 
cough efforts was counted on the basis of sudden enhancement of expiratory  fl ow accompanied by a 
typical cough movement and sound. The cough response was measured prior to administration of any 
agent (baseline measurement; N value in graphs) and then after application of codeine, solvent, and 
the CRAC channel antagonist in the time intervals of 1, 2, and 5 h. These time intervals were chosen 
to prevent cough receptors adaptation to the irritant.  

    6.2.6   Evaluation of Airway Smooth Muscle (ASM) Reactivity In Vivo 

 Changes in ASM reactivity in response to cumulative doses of acetylcholine and histamine after 
administration of the above-mentioned drugs were assessed in an organ bath according to the method 
of Nosalova et al.  (  2006  ) . Brie fl y, sensitized guinea pigs were sacri fi ced by interruption of the spinal 
cord in the neck, 1 h after i.p. administration of 3- fl uoropyridine-4-carboxylic acid or saline (control 
group), and the respiratory organs were removed. Four strips (two of tracheal and two of pulmonary 
smooth muscle) obtained from each animal were placed in an organ bath chambers  fi lled with Krebs-
Henseleit’s buffer (in mM: NaCl 112.9, KCl 4.7, CaCl 

2
  2.8, MgSO 

4
  0.5, NaHCO 

3
  24.9, glucose 11.1) 

saturated with carbogen (95% O 
2
  + 5% CO 

2
 ) and maintained at 36°C ± 0.5°C and pH 7.5 ± 0.1. Single 

strips were  fi xed onto the sliding arm and the other end was bound with a thin thread to a hook of a 
transducer (TSR 10 G, Vyvoj, Slovakia) and ampli fi er (M1101, SUPR, Microtechna, Slovakia). The 
tension was transmitted to a linear recorder (Line Recorder TZ 4620, Laboratorni pristroje, Czech 
Republic) to monitor the intensity of contractile responses. The amplitude of isometric contraction 
(mN) of tracheal and pulmonary smooth muscles to cumulative doses of acetylcholine and histamine 
at concentrations 10 −8 –10 −3  mol l −1  was used for the evaluation of ASM reactivity.  

    6.2.7   Measurement of Exhaled NO (E 
NO

 ) 

 Exhaled NO (E 
NO

 ) is considered a non-invasive, although indirect, means of detecting in fl ammation 
in the respiratory tract. During the E 

NO
  measurements, the animals were placed into a separate 

chamber, connected with NIOX Flex Of fl ine Start Kit 04-1210-F (Aerocrine AB, Sweden), and 
breathed NO-free air for 5 min. Subsequently, the exhaled gas ( fl ow rate 5 ml s −1 ) was analyzed during 
7 s. NIOX system is equipped with a chemiluminescence gas analyzer of high sensitivity and 
speci fi city, along with integrated software, to measure NO molecules at the particle per billion 
concentrations, ppb. E 

NO
  values were measured in the experimental groups before and after the 

sensitization procedure, 1 h after a single dose of 1.5 mg kg −1  of the CRAC antagonist 3- fl uoropyridine-
4-carboxylic acid, and on Days 7 and 14 of the long-term treatment with it.  

    6.2.8   Histological Evaluation 

 All specimens were  fi xed in 10% formaldehyde solution at least for 24 h. After  fi xation, the samples 
were dehydrated in alcohol-xylen mixtures and embedded into paraf fi n blocks. Tissue sections 
(4–6  m m thick) were cut in a slide microtome and stained with hematoxylin-eosin. For the assessment 
of mast cells, slides were stained with anti-mast cell tryptase (DAKO, Bio-serv, Slovakia, IS 640 
clone AA1 mast cell tryptase, KIT K 0609 LSAB system- HRP for use in rat specimens). 

 All microscopic slides were assessed by two independent observers. Any possible discrepan-
cies between the two were resolved by a repeated common assessment of a specimen under a 
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dual-head microscope. The evaluation focused particularly on eosinophilia and mast cells 
in fi ltration which were assessed semi quantitatively by a 4-level grading system (0: absence of 
in fi ltrate, 1: slight increase in both cell populations, 2: moderate increase in both cell populations, 
and 3: distinct cellular in fi ltrate).  

    6.2.9   Statistical Analysis 

 Except for histological results, which are expressed in the percentage terms, all data were given as 
means ± SE. For statistical analysis, a  t -test was used. A p < 0.05 was considered statistically signi fi cant.   

    6.3   Results 

    6.3.1   Airways Smooth Muscle Reactivity In Vivo 

 Acute administration of the CRAC channel antagonist 3- fl uoropyridine-4-carboxylic acid to 
sensitized animals resulted in a signi fi cant and dose-dependent decrease of RV values. The highest 
dose used suppressed RV comparably with the effect of the bronchodilator salbutamol, used as the 
reference, regardless of the kind of bronchoprovocation, citric acid or histamine (Fig.  6.1a , b, 
respectively). Histamine-induced airway irritation was suppressed longer by all tested doses of the 
CRAC channel antagonist. The long-term treatment with 3- fl uoropyridine-4-carboxylic acid 
resulted in prolonged and increased effectiveness, seen in the measurement 1 h after its i.p. admin-
istration (data not shown).   

    6.3.2   Airway Smooth Muscle Reactivity In Vitro 

 Acute administration of the CRAC channel antagonist in a dose of 1.5 mg kg −1  signi fi cantly reduced 
the contractile response of both tracheal and pulmonary smooth muscle strips to cumulative doses of 
acetylcholine and histamine (Table  6.1 ). The long-term treatment with the CRAC antagonist further 

  Fig. 6.1     Acute in fl uence of 3- fl uoropyridine-4-carboxylic acid , an antagonist of calcium release-activated calcium 
channels (CRAC), tested at different doses (1.3, 1.5, and 1.7 mg kg −1 ) on speci fi c airway resistance (RV).  (a)  Airway 
hyperreactivity induced by citric acid and  (b)  by histamine. The results were referenced to the effect of salbutamol at 1, 
2, and 3 h. ‘N’ stands for normal values at baseline before application of any agents. *p < 0.05; **p < 0.01  vs.  ‘N’       
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augmented its relaxing effect on isolated tracheal strips in response to the two mediators, while the 
response of pulmonary strips remained similar to that observed during the acute response.   

    6.3.3   Exhaled NO Changes 

 The allergic in fl ammatory reaction which developed in the airways increased E 
NO

  twofold. 
Subsequently, both acute and long-term administration of the CRAC channel antagonist 
3- fl uoropyridine-4-carboxylic acid reduced the increased E 

NO
  down to the level present before 

sensitization (Fig.  6.2 ).   
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  Fig. 6.2     Exhaled NO 
in non-sensitized (OVA   −   ) 
compared with sensitized 
(OVA   +   ) guinea pigs.  
In fl uence of acute (CRAC A) 
and long-term, for 7 
and 14 days (CRAC 7 and 
CRAC 14), treatment with 
3- fl uoropyridine-4-carboxylic 
acid, an antagonist of calcium 
release-activated calcium 
channels (CRAC), on 
sensitization-enhanced E 

NO
 . 

**p < 0.01; ***p < 0.001       

   Table 6.1    Contraction amplitude (mN) of isolated airway smooth muscle strips (tracheal and pulmonary) in response 
to cumulative doses of histamine and acetylcholine in sensitized control group (control OVA + ) and changes after acute 
(CRAC A) and long-term (CRAC LT) administration of CRAC channel antagonist   

 Control OVA +   CRAC A  CRAC LT 

 Mediator  Trachea  Lungs  Trachea  Lungs  Trachea  Lungs 

  Histamine (log M)  
 −8  0.15 ± 0.08  0.09 ± 0.04  0.09 ± 0.03  0.03 ± 0.01  0.07 ± 0.02**  0.05 ± 0.01 
 −7  0.37 ± 0.04  0.14 ± 0.04  0.22 ± 0.03*  0.16 ± 0.03  0.12 ± 0.04**  0.1 ± 0.01 
 −6  0.64 ± 0.08  0.24 ± 0.04  0.45 ± 0.06*  0.19 ± 0.04*  0.28 ± 0.05***  0.16 ± 0.03* 
 −5  1.06 ± 0.11  0.45 ± 0.03  0.71 ± 0.04*  0.28 ± 0.05*  0.65 ± 0.13*  0.27 ± 0.05** 
 −4  1.19 ± 0.10  0.60 ± 0.05  0.97 ± 0.07  0.39 ± 0.05**  0.85 ± 0.15*  0.38 ± 0.07*** 
 −3  1.26 ± 0.09  0.73 ± 0.05  1.02 ± 0.07  0.49 ± 0.09**  0.92 ± 0.17*  0.44 ± 0.08** 

  Acetylcholine (log M)  
 −8  0.09 ± 0.06  0.11 ± 0.04  0.05 ± 0.02  0.05 ± 0.03  0.11 ± 0.04  0.03 ± 0.01 
 −7  0.12 ± 0.06  0.17 ± 0.04  0.10 ± 0.03  0.09 ± 0.03*  0.18 ± 0.04  0.06 ± 0.02* 
 −6  0.15 ± 0.07  0.24 ± 0.10  0.24 ± 0.04  0.10 ± 0.01**  0.38 ± 0.07*  0.08 ± 0.02*** 
 −5  0.23 ± 0.07  0.34 ± 0.09  0.49 ± 0.08  0.14 ± 0.04**  0.68 ± 0.06**  0.13 ± 0.02*** 
 −4  0.31 ± 0.08  0.44 ± 0.09  0.68 ± 0.09*  0.22 ± 0.03**  0.91 ± 0.04***  0.21 ± 0.02*** 
 −3  0.38 ± 0.08  0.53 ± 0.10  0.75 ± 0.09*  0.34 ± 0.04**  1.05 ± 0.03***  0.33 ± 0.03** 

  *p < 0.05; **p < 0.01; ***p < 0.001  vs.  respective control tissues  
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    6.3.4   Citric Acid-Induced Cough Re fl ex 

 Acute administration of the CRAC channel antagonist 3- fl uoropyridine-4-carboxylic acid showed an 
unambiguous dose-dependent cough suppressive effect, which exceeded the action of the control 
antitussive drug codeine at 2 and 5 h after its administration (Fig.  6.3 ). The long-term pretreatment with 
the CRAC channel antagonist further augmented the antitussive effects; e.g., 1 h after its administration 
in a dose of 1.5 mg kg − 1 citric acid-induced cough was nearly entirely suppressed (data not shown).   

    6.3.5   Histological Results 

 The tryptase positivity in the mast cells in fi ltrating the airways became apparent in epithelium/
submucosa of the trachea and parenchyma/bronchioles of the lungs in specimens stained on the 21st 
day of sensitization with ovalbumin. Eosinophilia in the tracheal epithelium and bronchioles also 
appeared during the third week of sensitization, while it developed in the lungs earlier. A single dose 
of the CRAC channel antagonist 3- fl uoropyridine-4-carboxylic acid evidently decreased pulmonary 
mast cells in fi ltration in the bronchioles and the eosinophilia in the trachea suggesting an anti-
in fl ammatory potency of the agent (Table  6.2 ).    
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  Fig. 6.3     (a) Acute  i n fl uence of 3- fl uoropyridine-4-carboxylic acid , an antagonist of calcium release-activated 
calcium channels ( CRAC ), tested at different doses (1.3, 1.5, and 1.7 mg kg −1 ) on the number of citric acid-induced 
cough efforts (NE). The antitussive effects were referenced to the effects of codeine (10 mg kg −1 ) at 1, 2, and 5 h. ‘N’ 
stands for normal values at baseline before application of any agents. *p < 0.05; **p < 0.01; ***p < 0.001  vs.  ‘N’       

   Table 6.2    The number of tracheal and lung sections with positive (Pos) – grades 2 and 3 – and negative (Neg) – grades 
0 and 1 – in fl ammatory changes seen as eosinophilia and mast cells in fi ltration in the ovalbumin (OVA)-sensitized 
control group of guinea pigs on Day 7 and Day 21 of sensitization and in the group which underwent acute treatment 
with the CRAC channel antagonist   

 Group 

 Trachea  Lungs 

 Mast cells  Eosinophils  Mast cells  Eosinophils 

 Neg  Pos  Neg  Pos  Neg  Pos  Neg  Pos 
 OVA 7 (n = 6)  4  2  2  4  4  2  1  5 
 OVA 21 (n = 8)  1  7  1  7  0  8  1  7 
 CRAC A (n = 8)  2  6  5  3  4  4  1  7 
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    6.4   Discussion 

 Calcium ions represent a key second messenger controlling airway smooth muscle (ASM) contractility. 
Because Ca 2+  itself is a function of cell activity and an expression of a variety of ion channels in both 
plasma membrane and sarcoplasmic reticulum, understanding the mechanisms underlying ASM 
contraction is of essential importance to asthma (Perez-Zoghbi et al.  2009  ) . Over the last years, many 
ion channel mechanisms have been proposed, including the release of diffusion messengers and vesicle 
fusion, many of which have remained controversial (Clapham  2003  ) . Recently, Peel et al.  (  2006  )  
reported the expression of the STIM and Orai protein homologues and pointed to their key role in the 
activation of SOC in fl ux in human ASM cells. Both proteins are the essential structural components 
of CRAC channels. In the present study, we demonstrated the role of CRAC channels in ASM reactiv-
ity in an animal model of allergic in fl ammation. A selective antagonist of CRAC channels, 
3- fl uoropyridine-4-carboxylic acid, dose-dependently decreased speci fi c airway resistance regarded 
as a predictor of ASM reactivity  in vivo . Moreover, long-term administration of the inhibitor enhanced 
and prolonged its bronchodilatory effects. According to Fomina et al.  (  2000  ) , the number and function 
of CRAC channels is upregulated in asthma. Perez-Zoghbi et al.  (  2009  )  argue that airway hyperreac-
tivity (AHR) may be explained by an abnormal increase in Ca 2+  sensitivity and airway contractile 
response has to do with the number and size of ASM cells. Consequently, increased ASM cells 
proliferation and airway wall remodelling are believed to signi fi cantly contribute to AHR. 

 Augmented inhibition of ASM reactivity observed in the present experiments after long-term 
administration of 3- fl uoropyridine-4-carboxylic acid may be partially conditioned by inhibition of 
in fl ammatory cell activity. Airway hyperactivity in asthma usually correlates with the severity of 
airway in fl ammation; a process that most likely involves a complex interaction among mast cells, 
lymphocytes, and eosinophils. In this study, preliminary results of histological investigation show that 
the CRAC antagonist distinctly decreased mast cell in fi ltration in the lungs and eosinophilic in fi ltration 
of the trachea; a suggested anti-in fl ammatory capability of CRAC channel antagonists. CRAC channels 
seem essential for mast cells secretory functions. Preponderance of mediators, playing a role in the 
asthma pathogenesis, is accompanied by CRAC channel activity. Many mediators, such as histamine, 
tryptase, IL-4, IL-13, PGD 

2
 , and LTC 

4
  induce contraction of ASM cells (Brown et al.  2008  ) . Previously, 

Ng et al.  (  2008  )  demonstrated that CRAC channel inhibition attenuates the response of mast cells to 
IgE stimulation; a triggering factor in allergic in fl ammation. Our data also are in line with those of 
Yoshino et al.  (  2007  ) , who tested the pyrazole derivative YM-58483, known as a selective inhibitor of 
CRAC channels in T cells, and found that the agent prevents antigen inhalation-induced airway 
eosinophilia in actively sensitized Brown Norway rats. All taken together, con fi rms that the inhibition 
of Ca 2+  in fl ux through CRAC channels may counteract the antigen-induced airway in fl ammation, 
probably  via  inhibition of mast cells, Th2 cytokine formation, and release of in fl ammatory mediators. 
Eosinophils and mast cells are generally regarded as typical cells of allergic in fl ammation (Bochner 
and Hamid  2003  ) . In the guinea pig, distribution, proportion, and function of airway receptors are 
similar to those in human airways and hence it is the preferred animal for experiments concerning the 
airways (Muccitelli et al.  1987  ) . The present study demonstrates eosinophilic and mast cells in fi ltrations 
which developed on the 21st day of allergen sensitization, con fi rming the usefulness of this animal 
model for studying allergic airway in fl ammation. 

 The level of exhaled NO recorded in the present study corresponded well with the results above 
outlined. On the 21st day of sensitization, we recorded a twofold increase in E 

NO
 , eosinophilia, mast 

cells in fi ltration of airways, and enhanced ASM reactivity, but then administration of the CRAC 
antagonist caused decreases in E 

NO
  and cellular airway in fi ltrates, which was followed by reduced 

airway hyperactivity. Numerous studies have shown that E 
NO

  is elevated in patients suffering from 
untreated asthma. Several of these reports have found correlations between E 

NO
  and other variables 

including airway and induced sputum eosinophilia (Redington  2006  ) . Upregulation of inducible 
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NO-synthase (iNOS) in in fl amed airways is thought to underlie the increase in E 
NO

 . Expression of 
iNOS by airway epithelial cells is regulated by exposure to proin fl ammatory cytokines released 
mainly from mast cells and eosinophils. Secretion of cytokines, mediators, and granule proteins by 
these cells is strongly associated with activated CRAC channels. Therefore, inhibition of CRAC chan-
nels in immune cells should be a rational explanation of the present  fi ndings. However, expression of 
NOS isoforms in airways should be studied to con fi rm the proposed notion. 

 Suppression of cough by the CRAC channel antagonist was observed in the present study after its 
acute and long-term administration; the effect was on par with that of codeine. The close relationship 
between bronchoconstriction and cough is well known. Cough suppressive activity of drugs with 
bronchodilatory properties (Chung  2005  )  or cough enhancing activity of those with bronchocontric-
tive properties, e.g., histamine (Belvisi  2003  )  have been demonstrated. Hence, presently observed 
antitussive activity could likely be a result of CRAC antagonistic in fl uence on immune and ASM 
cells. Studies using various animal models of in fl ammation showed that allergic in fl ammation of air-
ways is represented by their physical alterations, such as epithelial damage, mucosal swelling, and 
remodelling of the airway wall, which all contributes to changed cough response (Mazzone and 
McGovern  2007  ) . Cough accompanying airway in fl ammation constitutes a serious medical problem 
and current antitussive agents, except of centrally acting antitussives with generally known side 
effects, provide only moderate relief (Morice  2004  ) . Therefore, antitussive activity of a CRAC chan-
nel antagonist represents an interesting and promising result. 

 In conclusion, a selective CRAC channel antagonist caused reductions in airway smooth muscle 
reactivity in both  in vivo  and  in vitro  conditions, experimentally induced cough, exhaled NO, and 
airway eosinophilic and mast cells in fi ltrations. All these  fi ndings point to the CRAC ion channels as 
a rational target for novel antiasthmatic drugs.      
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  Abstract   The aim of the study was to prepare and evaluate the experimental model of allergic asthma. 
Changes in chough re fl ex, bronchoconstriction and the degree of in fl ammation were studied in 
ovalbumin (OVA) sensitized guinea pigs after 0, 7, 14, 21 days of exposure. The cough re fl ex was 
induced by citric acid inhalation in conscious animals in a double chamber body plethysmograph. 
Tracheal smooth muscle reactivity was assessed by examining the  in vitro  response to histamine 
(H) (10 −8 –10 −3  mol/l) and  in vivo  to H nebulization (10 −6  mol/l). BALF levels of IL-4, IL-5 and the 
eosinophil count were used as parameters of airway in fl ammation. After 7 days of OVA sensitization, 
there was an increase in tracheal smooth muscle contractility  in vitro  to cumulative concentration of 
H and an increase in cough parameters. After 14 days of OVA sensitization, there was a further 
increase in tracheal smooth muscle contractility to H, an increase in airway resistance, and a small 
increase in cough parameters. After 21 day of OVA sensitization, cough parameters were signi fi cantly 
reduced, airway resistance after H inhalation was increased, and there were signi fi cant increases in 
IL-4, IL-5, and eosinophils in BALF. In conclusion, progress in asthmatic in fl ammation during 21-day 
OVA sensitization caused a gradual increase in in fl ammatory mediators, a decline in cough re fl ex, and 
enhanced bronchoconstriction. This experimental model of allergic asthma can be used for pharma-
cological modulations of defense re fl exes and in fl ammation.  

  Keywords   Airway hyperreactivity  •  Allergic asthma  •  Guinea pigs  •  Cough re fl ex  •  Ovalbumin  
•  Sensitization  •  Citric acid    

    7.1   Introduction 

 Allergic asthma is a chronic in fl ammatory disorder of the airways. Characteristic features of this 
disease are allergen-induced early and late bronchial obstructive reactions, airway in fl ammation, 
structural changes of the airway wall associated with progressive decline in lung function, and airway 
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hyperresponsiveness. Airway hyperresponsiveness is a clinical hallmark of asthma and it is de fi ned by 
an exaggerated obstructive response of the airways to a variety of pharmacological, chemical, and 
physical stimuli (Postma and Kerstjens  1998  ) . Allergic asthma continues to be clinically important, 
since bronchoconstriction and airway hyperresponsiveness remain beyond our complete pharmaco-
logical control (Janssen  2009  ) . 

 A major problem in experimental studies on the pharmacological approach to allergic asthma is 
lack of valid animal models which would mimic airway hyperreactivity, early and late allergen 
reaction, and in fl ammation all seen in human conditions. Different animal models of allergic asthma 
have been applied for the investigation of the mechanisms of acute and chronic airway hyperrespon-
siveness (Meurs et al.  2008  ) . Currently, the most widely used experimental animal for modelling the 
allergic responses in the airways is the mouse, due likely to the availability of transgenic and gene 
targeted mice. The mouse also is easily sensitized to a number of antigens, including ovalbumin and 
human allergens. However, murine models appear to be less suited for the investigation of the mecha-
nisms of airway hyperresponsiveness in relation to early and late asthmatic responses. Thus, airway 
hyperresponsiveness and early asthmatic reactions are usually observed only after repeated allergen 
challenges, and a late asthmatic reaction is rarely observed (Zosky and Sly  2007 ; Zosky et al.  2008  ) . 
Dif fi culties in measuring these responses could be related to the anatomical structure of the mouse 
lung (Irvin and Bates  2003  )  and the unresponsiveness of airway smooth muscles to various broncho-
constrictors implicated in the pathophysiology of asthma (histamine, cysteinyl leukotrienes, neurokinins, 
bradykinin, and prostanoids) (Canning  2003  ) . 

 The aim of the present study was to prepare and evaluate a model of late allergic asthmatic response 
in guinea pigs. Our experiments were focused on the assessment of airway reactivity and the degree 
of in fl ammation during 21-day allergen (ovalbumin) administration. The assessment consisted of 
tracheal smooth muscle reactivity  in vitro , changes in speci fi c airway resistance in response to 
histamine  in vivo , the degree of in fl ammation evaluated by eosinophil count, and the estimation of the 
in fl ammatory cytokines IL-4 and IL-5 in bronchoalveolar lavage  fl uid (BALF).  

    7.2   Methods 

 The protocol of this experimental study was approved by the Ethics Committee of the Jessenius 
Faculty of Medicine in Martin, Slovakia. Ovalbumin (OVA, egg albumin grade V), histamine (his-
tamine ́  2 HCl), citric acid and other chemicals were purchased from Sigma Chemicals (Germany). 
Mouse IL-5, IL-4 ELISA Kits for protein array systems were purchased from Ray Biotech, Inc. 
(Norcross, GA). 

    7.2.1   Sensitization of Guinea Pigs 

 Guinea pigs (200–250 g) were randomly divided into 2 experimental groups: Group 1 (Control) 
treated 21 days with saline only and Group 2 sensitized for 21 days with ovalbumin (OVA). There 
were 12 animals in each group. 

 Male Trik guinea pigs (200–250 g) were actively sensitized by administration of OVA (Grade V; 
Sigma Chemicals, Germany). Five milligrams of OVA (with 1 mg of aluminium hydroxide) were 
injected intraperitoneally together with 5 mg OVA in 1 ml of saline, subcutaneously, on Day 1. 
Subsequently, the guinea pigs were treated for 21 days with repeated i.p. OVA injections every 3 days. 
Additionally, the guinea pigs were exposed to nebulized OVA (1% in 0.9% sterile sodium chloride 
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solution) in an aerosol chamber for the last 5 days. This scheme of allergen sensitization has 
previously been found to evoke a suf fi cient degree of chronic in fl ammation in the airways of guinea 
pigs (Franova et al.  2009  )   

    7.2.2   Tracheal Smooth Muscle Contraction in vitro 

 Reactivity of tracheal smooth muscle was assessed before OVA sensitization and then after 7, 14, 
21 days of sensitization. Tracheal strips were placed in a 20 ml organ chamber containing Krebs-
Henseleit buffer of the following composition in mM: NaCl 110.0, KCl 4.8, CaCl 

2
  2.35, MgSO 

4
  1.20, 

K   
2 
PO 

4
  1.20, and NaHCO 

3
  25.0 in glass-distilled water. The chamber was maintained at 36.5°C ± 0.5°C 

and was aerated continuously with a mixture of 95% O 
2
  and 5% CO 

2
  to maintain pH 7.5 ± 0.1. The 

tracheal tissue strips were initially set to 4 g of tension (30-min loading phase). Afterward, tension 
was readjusted to the baseline of 2 g (30-min adaptation phase). The amplitude of muscle contraction 
(mN) to the cumulative doses of histamine (H) of 10 −8 –10 −3  mol/l was used as a parameter of tracheal 
smooth muscle reactivity.  

    7.2.3   Evaluation of Airway Reactivity in vivo 

 Airway reactivity was evaluated  in vivo  using a rodent double chamber body plethysmograph (HSE 
type 855; Hugo Sachs Electronic-Harvard, with HSE Pulmodyn Pennock W software, Germany) 
before and after OVA sensitization according to the time schedule above outlined for the in vitro 
studies. Changes in speci fi c airway resistance (RxW) after a 2-min inhalation of H (10 −6  mol/l in 
saline) were considered an indicator of airways reactivity. There was an interval of 5 min between 
histamine exposure and airway resistance measurement. During this interval, fresh air was insuf fl ated 
into the breathing chamber.  

    7.2.4   Chemically Induced Cough 

 Conscious guinea pigs, both control and OVA sensitized, were placed in a body plethysmograph box 
and was exposed to 0.3 M citric acid aerosol for 3 min. Cough detection and distinguishing of cough 
efforts from sneezing was based on expiratory air fl ow traces, recorded by a pneumotachograph 
connected to the head chamber of the plethysmograph, and typical cough movements and sounds 
recognized by a trained observer. The number of coughs was measured at 30 min intervals up to 
120 min at a given day of sensitization above outlined.  

    7.2.5   Measurement of In fl ammatory Cytokines 

 The left lung was lavaged with 0.9% NaCl (37°C) 2×10 ml/kg and BALF was centrifuged at 1,500 rpm 
for 10 min. The supernatant was used for subsequent biological analysis. Concentrations of IL-4 and 
IL-5 were determined by ELISA method in BALF, using commercially available kits (RayBiotech, 
Inc., Norcross, GA). The minimum detectable level of cytokines was 0.1 pg/ml.  
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    7.2.6   Histological Examination 

 The trachea was  fi xed in 10% buffered formaldehyde. Sections of 10  m m were made and stained with 
haematoxylin and eosin for light microscopy at a magni fi cation 240x. On the basis of eosinophils 
counted, the degree of in fl ammation was divided into mild – up to 50, medium – up to 100, and 
strong – over 100 eosinophils.  

    7.2.7   Data Analysis 

 All results were expressed as means ± SE. Statistical analysis was performed using one-way ANOVA. 
Differences were considered statistically signi fi cant when p value was below 0.05.   

    7.3   Results 

 The effects of allergen sensitization on guinea pig tracheal smooth muscle reactivity were evaluated 
before OVA application and after 7, 14, 21 days OVA sensitization by  in vitro  responses to cumulative 
H. The results show progressive signi fi cant increases in contraction amplitude of tracheal strips to 
cumulative doses of H after 7 days of OVA sensitization, with a clear plateauing of the increase at the 
highest concentration of H (Fig.  7.1a ). After another week of OVA sensitization, there was an enhance-
ment of this progressive increase in contraction amplitude along all increasing H concentrations 
employed; the plateauing of the effect at the highest H concentration was no more observed (Fig.  7.1b ). 
The contraction amplitude of tracheal strips remained at the same enhanced level after the 3rd week 
of OVA sensitization (Fig.  7.1c ).  

 OVA sensitization caused gradual increases in speci fi c airway resistance (RxW) after H nebuli-
zation (10 −6  mol/l); the increase assumed signi fi cance as of the 14th day and was further appreciably 
augmented after 3 weeks of sensitization (Fig.  7.2a–c ).  

 Concerning the cough re fl ex, the results were different. The number of chemically induced cough 
efforts was the greatest already after 7 days of OVA sensitization. From that point on, cough gradually 
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  Fig. 7.1     Changes in amplitude of tracheal smooth muscle contraction  in response to cumulative doses of histamine 
after ( a ) 7, ( b ) 14, and ( c ) 21-day of OVA sensitization; *p < 0.05 and **p < 0.01 for control  vs.  OVA       
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decreased with the extension of OVA sensitization time and actually dropped below the control level 
recorded before commencement of sensitization after 21 days (Fig.  7.3 ).  

 OVA sensitization also in fl uenced the levels of airway in fl ammatory cytokines measured in BALF, 
as typi fi ed by IL-4 and IL-5. Both cytokines signi fi cantly increased; the increases were however noted 
not until the 21st day of sensitization (Fig.  7.4 ).  

  Fig. 7.2    Changes in speci fi c airway resistance after inhalation of histamine (10 −6  mol/l) between control healthy guinea 
pigs and then after ( a ) 7, ( b ) 14, ( c ) 21 days of OVA sensitization; *p < 0.05 and **p < 0.01 for control  vs.  OVA       
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 Histological examinations of tracheal mucosa of guinea pigs after OVA sensitization revealed, in 
general, eosinophilic in fi ltrations of the epithelium and submucosa. The intensity of in fl ammation in 
12 animals after 21 days of sensitization was as follows: mild – 3, medium – 4, and strong – 3 cases   . 
Eosinophils were organized into microabscess-like entities in the epithelium.  

    7.4   Discussion 

 In the present study we evaluated a model of the late allergic asthmatic response in guinea pigs, based 
on OVA sensitization. The results con fi rm the progression of airway in fl ammation after sensitization. 
The in fl ammatory cytokines IL-4 and IL-5 in BALF were gradually increasing throughout the period 
of sensitization, from the 7th up to the 21st day, reaching a signi fi cantly higher level at the end of that 
period. Sensitization also enhanced airway readiness for bronchoconstrictive responses. The cough 
re fl ex, on the other hand, after an early strong enhancement, clearly declined in the later part of the 
sensitization process. 

 Allergic asthma is de fi ned in as a chronic in fl ammatory disorder characterized by reversible 
airways obstruction and airway hyperresponsiveness (AHR). In fl ammation is thought to cause 
symptoms of asthma directly and indirectly by inducing contraction of airway smooth muscles, 
enhancing airway responsiveness to various stimuli and by inducing changes in structural components 
of the airway wall, including ASM cells, leading to airway remodeling (Zuyderduyn et al.  2008  ) . 
Airway smooth muscle cells contribute to airway hyperresponsiveness, remodelling, and in fl ammation 
by virtue of their increased sensitivity to bronchoconstrictive stimuli (e.g., histamine, prostaglandins, 
kinins, or tachykinis) and increased proliferation (Meurs et al.  2008  ) . 

 In this study we con fi rmed the development of an increase in tracheal smooth muscle reactivity 
during a 21-day period of OVA sensitization. Allergen application increased the amplitude of contrac-
tion of the tracheal smooth muscle strips, prepared from OVA sensitized guinea pigs, to cumulative 
doses of histamine. Concerning the  in vivo  airway reactivity, we observed a gradual increase in speci fi c 
airway resistance measured in a double-chamber body plethysmograph over the sensitization period. 

 Another re fl ex which is modulated during in fl ammatory conditions is cough. The cough response 
is thought to be regulated by a neuronal network in the brainstem which receives signals from sensory 
receptors in the larynx and lower respiratory tract. In fl ammation is a powerful stimulus for coughing. 
It has recently been determined that tachykinins, substance P, and the neurokinins A and B are released 
from non-myelinated C- fi ber endings and have a role in airway in fl ammatory responses such as cough 
(Widdicombe  1995  ) . It follows that depletion of tachykinins due to destruction of airway C- fi bre 
receptors during in fl ammation might weaken the cough re fl ex. Karlsson  (  1996  )  has indeed reported a 
decrease in cough induced by capsaicin and citric acid due to in fl ammation. The results of the present 
study also con fi rm that in fl ammatory changes in the airways decrease cough re fl ex sensitivity. 

 In allergic asthma, it is assumed that the early-phase reaction is due to antigen cross-linking of 
immunoglobulin IgE molecules bound to speci fi c cell-surface receptors on mast cells (Fc epsilon RI 
receptors). Subsequent activation of IgE leads to the release of bronchoconstricting mediators, nota-
bly leukotrienes and histamine. The allergic late-phase reaction is, in addition to the effects above 
outlined, linked with the in fi ltration of the airway wall by in fl ammatory cells (eosinophils, lympho-
cytes, and, particularly, CD4-positive T-cells). The immunological processes involved are character-
ized by proliferation and activation of Th2 lymphocytes (Van Oosterhout and Bloksma  2005  ) . 
Th2-derived cytokines play a key role in orchestrating the eosinophilic in fl ammatory response in 
asthma. The Th2-mediated allergic in fl ammation is accomplished with cytokines, such as IL-4 and 
IL-13 the role of which is to make B lymphocytes synthesize IgE, IL-5 which has a role in maturation 
and activation of eosinophils, and IL-13 which has a role in mast cell genesis (Kips  2001  ) . The estima-
tion of in fl ammatory cytokines is thus a good marker of the advancement of asthmatic in fl ammation. 
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 In conclusion, we can summarized that progress in asthmatic in fl ammation after 21 days sensitization 
of guinea pigs with OVA is associated with increase in in fl ammatory cytokines in BALF and amount 
of eosinophils in tracheal tissue, with the decline of cough re fl ex and strengthen of bronchoconstric-
tion. From pharmacological point of view sensitised guinea pigs may be preferable as an animal 
model for investigating of late asthmatic reactions and AHR in asthma.      
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  Abstract   Phosphodiesterases (PDEs) are enzymes responsible for degradation of cAMP and 
cGMP in cells. Thus, PDE inhibitors may have signi fi cant clinical bene fi t in respiratory diseases 
associated with in fl ammation. The aim of the present study was to evaluate the effects of selective 
PDE4 (rolipram, ROL) and PDE7 inhibitors (BRL50481, BRL) on citric acid-induced cough, 
 in vivo  and  in vitro  airway smooth muscle reactivity in both healthy and ovalbumin sensitized 
guinea pigs. The drugs tested were administered intraperitoneally to male guinea pigs once daily 
for 7 days – ROL 1 mg/kg, BRL 1 mg/kg, and ROL+BRL 0.5 mg/kg. Double chamber whole body 
plethysmography was used for the evaluation of citric acid (0.6 M)-induced cough and speci fi c 
airway resistance. An organ bath method was used for the measurement of tracheal and lung tissue 
strip contractions evoked by cumulative doses (10 −8 –10 −3  mol/L) of acetylcholine (ACH) and 
histamine (HIS). In healthy guinea pigs, the only signi fi cant relaxation was observed after ROL in 
ACH-induced contractions  in vitro  and the effect on cough was negligible. In ovalbumin-sensitized 
animals, more pronounced  in vitro  relaxing effects of BRL in HIS-induced contractions and of 
combination (ROL+BRL) in ACH-induced contractions were observed, with similar results 
 in vivo , and no signi fi cant change in the number of cough efforts was observed in any of the groups 
tested. The results suggest that PDE4 and PDE7 inhibitors have stronger anti-in fl ammatory effects 
compared with direct effects on smooth muscle and cough, with a potential bene fi t of their 
concomitant administration.  

  Keywords   Cough  •  Airway resistance  •  Ovalbumin  •  In fl ammation  •  Acetylcholine  •  Histamine  
•  Phosphodiesterase inhibitors  •  Rolipram    
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    8.1   Introduction 

 Chronic in fl ammation, cough, and bronchoconstriction are key symptoms of bronchial asthma and 
chronic obstructive pulmonary disease (COPD). Historically, several agents from a group of xanthine 
derivatives are used in therapy of these airway diseases (Mokry et al.  2009  ) . The mechanism of action 
of these agents includes a non-selective inhibition of phosphodiesterase (PDE). However, in therapeu-
tically relevant plasma concentrations several other mechanisms also are involved (Mokra and 
Mokry  2010  ) . In previous studies, the antitussive effects of xanthine derivatives have been con fi rmed, 
with no particular discussion about the underlying mechanism (Nosalova and Mokry  2001 ; Usmani 
et al.  2005 ; Mokry et al.  2009  ) . 

 Xanthine derivatives, due to their mixed and little speci fi c mechanisms, interactions with other 
drugs, and a narrow therapeutic range are often associated with the occurrence of adverse effects 
which can limit their use as antitussive drugs (Antoniu  2006 ; Lipworth  2005  ) . Thus, the selective 
PDE3, PDE4, or PDE7 inhibitors, or the dual PDE3/4 and PDE4/7    inhibitors could be of greater 
bene fi t in therapy of diseases associated with cough (Spina et al.  1998 ; Chung  2006  ) . The notion has 
been strengthened by the  fi ndings that PDE isoenzymes play a role in the regulation of airway diameter 
and smooth muscle function. PDE3 and PDE4, both hydrolyzing cAMP, are described as the major 
PDE isoforms in airways. However, airway smooth muscle and in fl ammatory cells present in respira-
tory system also contain PDE1, PDE3, PDE4, PDE5, and PDE7. 

 PDEs represent 11 superfamilies of metalophosphohydrolases, hydrolyzing cAMP and cGMP to 
their inactive metabolites (Bender and Beavo  2006  ) . PDE3 is expressed in airway smooth muscle, 
myocardium, vessels, and the gastrointestinal tract and thus its inhibition would seem a suitable target 
in affecting airway reactivity and cough. However, inhibitors of PDE4 are considered as the most 
important therapeutic tools. The  fi rst generation inhibitor of PDE4 is rolipram, which was not yet 
introduced into clinical practice due to its adverse effects at higher doses (nausea, vomiting). Second 
generation of PDE4 inhibitors (ro fl umilast, cilomilast) have better perspectives, as they maintained 
anti-in fl ammatory and immunomodulating effects with a lower incidence of adverse effects (Karish 
and Gagnon  2006  ) . Nowadays, there are no relevant data about their antitussive effects, but ro fl umilast 
has recently been approved for clinical use in adult patients with severe COPD (Fabbri et al.  2010 ; 
Giembycz and Field  2010  ) . BRL50481, a selective PDE7 inhibitor, has been found to be effective in 
 in vitro  suppression of in fl ammatory cells, like human monocytes, lung macrophages, and CD8+ 
T-lymphocytes (Smith et al.  2004  ) . Thus, therapeutic potential of these drugs in airway in fl ammatory 
diseases should be evaluated 

 In the present study we examined the effects of selective inhibitors of PDE4 (rolipram) and PDE7 
(BRL50481), and their co-administration on cough and airway reactivity were assessed in healthy and 
ovalbumin-sensitized guinea pigs.  

    8.2   Methods 

 The study protocol was approved by a local Ethics Committee at Jessenius Faculty of Medicine, 
Comenius University in Martin, Slovakia. Sixty four healthy, male guinea pigs (250–350 g) were used 
for the study. They were kept in an animal house and had food and water  ad libitum . In four groups of 
animals (n = 8 in each), airway hyperresponsiveness was induced with an antigen (ovalbumin) and the 
other four groups were used as naïve controls without sensitization (n = 8 in each). In each set of the 
four groups, the  fi rst group was left without treatment – only solvent, 10% dimethylsulfoxide (DMSO) 
at the dose of 3.0 ml/kg was used. All animals in the second group were treated with the PDE4 inhibitor 
rolipram (Sigma Aldrich, Germany, 1.0 mg/kg), in the third group with the PDE7 inhibitor BRL 



598 Effects of Selective Inhibition of PDE4 and PDE7 on Airway Reactivity and Cough in Healthy…

50481 (Sigma Aldrich, Germany, 1.0 mg/kg), and in the fourth group with their combination, both 
at a dose of 0.5 mg/kg. All tested drugs were dissolved in 10% DMSO (3.0 ml/kg). Exactly same 
dosing schema was applied in the healthy and the in ovalbumin-sensitized guinea pigs. 

    8.2.1   Antigen-Induced Airway Hyperresponsiveness 

 Sensitization of the animals with ovalbumin, which causes airway reactivity changes on immunological 
basis, was performed during 14 days (Franova et al.  2007 ; Mokry et al.  2009  ) . The allergen 
(1.0% ovalbumin) was administered on Day 1 of sensitization intraperitoneally (0.5 ml) and subcu-
taneously (0.5 ml), on Day 3 intraperitoneally (1 ml), and on Day 14 only by inhalation (30 sec). 
The airway reactivity to mediators of bronchospasm was studied  in vivo  immediately after the 
ovalbumin inhalation and  in vitro  after sacri fi cing the animal. The tested drugs were administered 
30 min before nebulization.  

    8.2.2   Cough Re fl ex Assessment 

 The method of chemically-induced cough was used for assessing the cough re fl ex (Mokry and 
Nosalova  2007 ; Sutovska et al.  2009  ) . We used citric acid aerosol in concentration of 0.6 M in saline 
for cough provocation. The inhalation of citric acid in a double chamber plethysmograph lasted 2 min. 
During this time and during the following 2 min, two well trained observers evaluated visually the 
number of cough efforts. To distinguish cough from sneezing or movement artifacts, subsequent 
evaluation of the computer records of air  fl ow in nasal chamber was performed.  

    8.2.3   Evaluation of Airway Reactivity In Vivo 

  In vivo  airway reactivity was evaluated using a double chamber whole body plethysmograph immedi-
ately after administration of bronchoconstrictors (Mokry et al.  2008  ) . Speci fi c airway resistance and 
its changes after a short-term inhalation (2 min) of bronchoconstricting agents (histamine at a con-
centration of 10 −6  mol/L in saline)    were considered as an indicator of the  in vivo  reactivity changes. For 
comparison, reactivity after nebulization of saline was used. Between the two exposures, there was an 
interval of minimum 5 min. During intervals, fresh air was insuf fl ated into the nasal chamber.  

    8.2.4   Evaluation of Airway Reactivity In Vitro 

 After sacri fi cing the animals, trachea and lungs were immediately excised. Tracheal strips (approximately 
15 mm) were cut on the opposite side of a smooth muscle. Lung tissue strips (2 × 2 × 15 mm) were cut 
from the margin of upper lobe of right and left lungs. The strips were mounted between two hooks and 
placed in a 30 ml organ chambers with Krebs-Henseleit’s buffer (containing in mmol/L: NaCl 110.0, 
KCl 4.8, CaCl 

2
  2.4, MgSO 

4
  1.2, K 

2 
HPO 

4
  1.2, NaHCO 

3
  25.0, and glucose 10.0 in glass-distilled water)   . 

The chambers were maintained at 36.5°C ± 0.5°C and aerated continuously with a mixture of 95% O 
2
  

and 5% CO 
2
  to maintain pH 7.5 ± 0.1. One of the hooks was connected to a force transducer (TENSIL10, 

RES Martin, Slovakia) and an ampli fi er (TEMES 1052, RES Martin, Slovakia), and tension changes 
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were recorded online using computer software (TEMES 1, RES Martin, Slovakia). Tissue strips were 
initially set to 4 g of tension for 30 min (loading phase). Then, in each strip the tension was readjusted 
to a baseline value of 2 g for another 30 min (adaptation phase). During both periods, tissue strips 
were washed at 10 min intervals. Cumulative doses of histamine or acetylcholine (10 −8 –10 −3  mol/L, 
Sigma-Aldrich, Germany) were added after the adaptation phase had been  fi nished and a continuous 
recording of contractions was made (Strapkova et al.  1995 ; Mokry et al.  2009  ) . Data of the tracheal 
and lung tissue reactivity are shown in grams (g) of the smooth muscle tension.  

    8.2.5   Statistical Analysis 

 Data are shown as means ± SE. For statistical analysis, a  t -test was used. A p < 0.05 was considered 
statistically signi fi cant   

    8.3   Results 

 Intraperitoneal administration of the PDE4 inhibitor rolipram, or the PDE7 inhibitor BRL50481, or 
their combination led to no appreciable changes in the number of cough efforts in either healthy or 
ovalbumin-sensitized guinea pigs. Nevertheless, a tendency to decrease of cough was observed after 
rolipram (Fig.  8.1a ).  

 Speci fi c airway resistance measured in a whole body double chamber plethysmograph was used as 
a marker of  in vivo  airway responsiveness. Administration of either rolipram or BRL50481 at a dose 
of 1.0 mg/kg each caused a signi fi cant decrease of speci fi c airway resistance after histamine nebuliza-
tion only in ovalbumin-sensitized guinea pigs. The pre-treatment with both PDE inhibitors together at 
a dose of 0.5 mg/kg each showed a signi fi cant suppressant effect on speci fi c airways resistance, which 
was stronger than that observed after rolipram alone and weaker than that observed after BRL50481 
alone (Fig.  8.1b ). 

  In vitro  testing of contractility of lung smooth muscle tissue strips in the healthy guinea pigs in 
response to cumulative doses of acetylcholine demonstrated a signi fi cant suppression of strips 

  Fig. 8.1     (a) Number of cough efforts  during (2 min) and after (2 min) inhalation of citric acid aerosol and  (b) speci fi c 
airway resistance  after inhalation of histamine (10 −6  mol/L) in healthy and ovalbumin-sensitized guinea pigs after 
7-day pre-treatment with vehicle (10% DMSO, 3.0 ml/kg), rolipram (1.0 mg/kg), BRL50481 (1.0 mg/kg), and their 
combination (each 0.5 mg/kg);  + p < 0.05  vs.  healthy, *p < 0.05  vs.  DMSO in the ovalbumin-sensitized group       
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reactivity only after rolipram pretreatment. BRL50481 did not in fl uence here the  in vitro  airway 
reactivity (Fig.  8.2a ). In tracheal smooth muscles, no signi fi cant changes of its reactivity after pre-
treatment with the PDE4 and 7 inhibitors tested were observed (Fig.  8.2c ). In the ovalbumin-sensitized 
guinea pigs, only combined administration of both rolipram and BRL50481 showed a signi fi cant 
decrease in  in vitro  airway reactivity (lung and trachea) to acetylcholine-induced contraction (Fig.  8.2b , d). 
Contractions evoked by histamine were signi fi cantly decreased in tracheal strips by pretreatment with 
BRL50481 and by co-administration of both inhibitors; rolipram did not in fl uence these contractions 
signi fi cantly (Fig.  8.3 ).    

    8.4   Discussion 

 Selective inhibitors of PDE, particularly of PDE3 and PDE4, have been extensively studied for their 
anti-in fl ammatory action and their inhibition was previously con fi rmed as a suitable target for 
in fl uencing the airway in fl ammation and the contractility of airway smooth muscles (Chung  2006  ) . 
Several clinical studies testing second generation of PDE4 inhibitors (piclamilast, cilomilast, 

  Fig. 8.2     In vitro   airway reactivity to acetylcholine  (lung strips –  top , tracheal strips –  bottom ) in healthy ( left ) and 
ovalbumin-sensitized guinea pigs ( right ) after 7-day pre-treatment with vehicle (10.0% DMSO, 3.0 ml/kg), rolipram 
(1.0 mg/kg), BRL50481 (1.0 mg/kg), and their combination (each 0.5 mg/kg); *p < 0.05  vs.  DMSO or OVA DMSO       
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ro fl umilast) have con fi rmed their bronchodilating, anti-in fl ammatory, and antitussive effects 
previously demonstrated in experimental conditions. Furthermore, the emphasis has been put on the 
necessity of testing other PDE isoforms (Beeh et al.  2004 ; Giembycz  2005a ; Rabe et al.  2005  ) . 

 In our present experiments, the selective inhibitor of PDE4 rolipram did not show any signi fi cant 
antitussive effects either in healthy ( naïve ) or in ovalbumin-sensitized guinea pigs. These results are 
at variance with our previous experiments, where signi fi cant antitussive effect of PDE4 inhibition was 
demonstrated (Mokry et al.  2008  ) . However, a different PDE4 inhibitor (citalopram) and a different 
dosing regimen were used in those experiments. 

 Despite the negligible antitussive effects we con fi rmed that the inhibition of PDE4 by rolipram 
seems to be a highly perspective choice in therapy of chronic in fl ammatory diseases associated with 
airway hyperresponsiveness. Inhibitors of PDE4 (rolipram, citalopram, cilomilast, ro fl umilast, 
piclamilast) have predominantly anti-in fl ammatory and immunomodulating effects with markedly 
reduced adverse effects compared with non-selective PDE inhibitors (Karish and Gagnon  2006  ) . 
In our present experiments we found a signi fi cant decrease of speci fi c airway resistance (a marker of 
 in vivo  airway reactivity) after rolipram in ovalbumin-sensitized guinea pigs but not in healthy 
animals, suggesting its major role in in fl ammation. However, in  in vitro  experiments a signi fi cant 
effect of rolipram on the contractile responses evoked by cumulative doses of acetylcholine was found 
only in healthy animals and in co-administration with BRL50481 in sensitized guinea pigs. In histamine-
evoked smooth muscle strip contractions we did not  fi nd any effect of rolipram. On the contrary, the 

  Fig. 8.3     In vitro   airway reactivity to histamine  (lung strips –  top , tracheal strips –  bottom ) in healthy ( left ) and 
ovalbumin-sensitized guinea pigs ( right ) after 7-day pre-treatment with vehicle (10% DMSO, 3.0 ml/kg), rolipram 
(1.0 mg/kg), BRL50481 (1.0 mg/kg), and their combination (each 0.5 mg/kg); *p < 0.05  vs.  DMSO or OVA DMSO       
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previously tested PDE4 inhibitor citalopram showed a signi fi cantly suppressing effect only in  in vitro  
conditions and not  in vivo  (Mokry et al.  2008  ) . 

 PDE7 inhibition by BRL50481 alone and in combination with rolipram led to signi fi cant 
decreases in both  in vivo  airway reactivity and in  in vitro  contractility. The most signi fi cant suppres-
sion of the contractile responses to acetylcholine was observed in ovalbumin-sensitized animals 
after co-administration of both inhibitors. This suggests that both these agents can be used in clinical 
states associated with allergic in fl ammation, which was mimicked by ovalbumin sensitization. 
Furthermore, patients may bene fi t from their synergistic effects, as only half a dose of each was used 
during their combined administration; thus the potential adverse effects of PDE4 inhibitors can 
be minimized. This concept has been described in the literature and a new dual PDE inhibitors 
are studied (e.g., PDE3/4 and PDE4/7) for their anti-in fl ammatory action (Giembycz  2005b  ) . 

 As there have so far been no relevant data on the antitussive effects of PDE7 inhibitors, our results 
indicate their alternative ef fi ciency in in fl uencing the cough. However, in our experiments we did not 
reach the level of signi fi cance. Nevertheless, the model we used is considered as a model of asthma, 
with the predominance of eosinophils (Mokry et al.  2008  ) . Other models, e.g., COPD models, with 
the prevailing neutrophils, should also be tested to exclude or con fi rm the ef fi cacy of these groups of 
drugs in regard to cough. 

 In conclusion, we did not observe any antitussive effects of the PDE4 and PDE7 inhibitors tested. 
Nevertheless, a signi fi cant suppression of airway hyperresponsiveness by the PDE4 and PDE7 inhibi-
tors indicates stronger anti-in fl ammatory effects than the direct ones on smooth muscle and cough, 
with a potential bene fi t of their combined administration.      
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  Abstract   Opioid receptors which are involved in cough generation are abundantly expressed in the 
brainstem. Codeine is a potent  m -opioid receptor agonist. In the present study we examined the effects 
of naloxone, a  m -opioid receptor antagonist, on mechanically-induced tracheobronchial cough and on 
the cough suppressing effect of codeine in six pentobarbitone anesthetized spontaneously breathing 
rabbits. A single dose of naloxone (0.4 mg/kg) followed by a single dose of codeine (7 mg/kg) were 
administered intravenously. The number and amplitude of cough and sneeze re fl exes were examined 
sequentially; before and after naloxone, and then after codeine. We found that neither did naloxone 
alone nor codeine given after prior naloxone pretreatment appreciably affect coughing or sneezing. 
Likewise, there were no signi fi cant differences in the diaphragm and abdominal muscles electromyo-
graphic moving averages, or the inspiratory and expiratory esophageal pressure amplitudes. However, 
we detected a tendency for the rise in expiratory motor drive during coughing and sneezing after injec-
tion of naloxone. The respiratory rate was signi fi cantly higher after naloxone in comparison with 
control (P < 0.001). No signi fi cant differences in arterial blood pressure were observed. We conclude 
that the failure of codeine to suppress the cough re fl ex on the background of naloxone pretreatment 
con fi rms the involvement of  m -opioid mechanism in the central antitussive effect of codeine.  

  Keywords   Codeine  •  Naloxone  •  Sneezing  •  Tracheobronchial cough  •  Opioid receptor    

    9.1   Introduction 

 Narcotic antitussives such as codeine affect cough primarily  via   m -opioid receptors in the central 
nervous system (Kotzer et al.  2000 ; Takahama    and Shirasaki  2007 ). These receptors are expressed the 
ambiguus nucleus, the solitary tract nucleus, the dorsal motor nucleus of the vagus, the medial parabra-
chial nucleus, the periaqueductal gray, and the raphe nuclei.  k -opioid receptors also are expressed 
with similar or lower density in these regions.  d -opioid receptors are generally less abundant in the 
brainstem, with the exception of the parabrachial nuclei area (Takahama and Shirasaki  2007 ). 
Naloxone, a competitive antagonist, has a high af fi nity for  m -opioid receptors (Waldhoer et al.  2004 ; 
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Goodman et al.  2007  ) , but has a lower af fi nity for other types of opioid receptors (Takahama and 
Shirasaki  2007 ). 

 A previous study has shown that naloxone given intraperitoneally 5 min before the application of 
codeine did not prevent its cough suppressant effect in unanesthetized cats (Nosalova et al.  1991  ) . 
This  fi nding suggests a possible role of a non-opioid mechanism in codeine-induced cough suppres-
sion. However, intramuscular administration of naloxone eliminated the antitussive effect of codeine 
in guinea pigs (Kotzer et al.  2000  ) , indicating a dominant role of  m -opioid receptors in codeine cough 
suppression in this species. 

 In the present study we seek to determine whether codeine would suppress tracheo-bronchial 
cough through the  m -opioid receptor mechanism in the rabbit.  

    9.2   Methods 

 All procedures were performed in accordance with the rules of the EU for animal experiments. The 
Ethics Committee of Jessenius Faculty of Medicine in Martin, Slovakia approved the protocol. 

 The experiments were performed in six male rabbits (New Zealand white, line P91; weight 
2.8 ± 0.1SE kg) anesthetized with sodium pentobarbital (Biowet, Pulawy, Poland; 35 mg/kg, i.p.). 
Supplementary doses of the anesthetic were administered (1–3 mg/kg, i.v.) as needed. Atropine (Biotika; 
0.15 mg/kg, i.v.) was given at the beginning of the experiment to reduce bronchial secretions. The 
trachea, femoral artery, and vein were cannulated. The animals were allowed to breathe spontane-
ously with a gas mixture of 30–60% oxygen balanced with nitrogen. Arterial blood pressure (BP), 
end-tidal CO 

2
  concentration (ETCO 

2
 ), respiratory rate (RR) and body temperature were monitored 

continuously. Body temperature was maintained at 39.0°C ± 0.5°C. Samples of arterial blood were 
removed periodically for blood gases and pH analysis. 

 Bipolar  fi ne wire hook electrodes were placed in the crural diaphragm (DIA) and bilaterally in the 
transversal abdominal or the external oblique abdominal muscle (ABD) for electromyogram (EMG) 
recordings. A soft balloon was inserted into the esophagus for the measurement of intrathoracic 
pressure changes (esophageal pressure – EP). 

 Tracheobronchial cough was induced by mechanical stimulation of the trachea and the carina with a 
soft nylon  fi ber or catheter which were moved fore-and backward around the carina four times during 
a stimulation trial. Sneeze was induced by mechanical touch of the nasal septum with a nylon  fi ber 
(   ∅ 0.25 mm), which was repeated  fi ve times. Cough and sneeze were de fi ned as a large augmenting 
burst of diaphragm (DIA) EMG activity immediately followed (and partially overlapped) by a burst 
of expiratory ABD EMG activity (Jakus et al.  1987 ), corresponding to the related inspiratory-expiratory 
wave of EP. 

 A single dose of naloxone (0.4 mg/kg; Naloxone hydrochloride, WZF Polfa, Warszawa, Poland) 
followed by a single dose of codeine (7 mg/kg, Codeinum dihydrogenphosphate; Interpharm, 
Bratislava, Slovakia) were injected. Stimulation of tracheobronchial airways and nasal mucosa were 
performed at 1 min intervals; two tracheobronchial stimulations were performed at baseline and then 
after naloxone and codeine injections. The experiment was terminated by an overdose of pentobarbi-
tone, followed by a saturated solution of KCl. 

 All EMGs were ampli fi ed,  fi ltered (300–3,000 Hz; Grass, USA), digitalized (12-bit multi-function 
plug-in ISA card, Dataq Instruments, USA, sampling frequency of 20,000 Hz), and recorded (WinDaq, 
Dataq Instruments-Akron, USA) along with the waveforms of BP and EP. 

 The mean numbers of cough efforts (CN), per four penetrations of carina, and of sneeze efforts 
(SN), per  fi ve touches of nasal mucosa, were analyzed in each sequence of trials. Differences in 
amplitudes of DIA and ABD moving averages and those of inspiratory and expiratory components of 
the EP recording in response to naloxone and codeine were measured. The results were expressed as 



679 Naloxone Blocks Suppression of Cough by Codeine in Anesthetized Rabbits

means ± SE. For statistical analysis, a  t -test, Mann-Whitney-U test, and repeated measures of ANOVA 
with a Student-Newman-Keuls  post-hoc  test were applied. P < 0.05 were considered signi fi cant.  

    9.3   Results 

 Mechanical tracheobronchial stimulation produced coughing and that of the nasal septum resulted in 
vigorous sneezing. Naloxone alone and also codeine administered on the background of naloxone did not 
signi fi cantly modify coughing or sneezing. A representative illustration of the raw recordings during 
cough induction at the sequential experimental steps is shown in Fig.  9.1 . The number of cough and 
sneeze re fl exes, DIA and ABD EMG moving average amplitudes, and peak inspiratory and expiratory EP 
during the re fl exes were not signi fi cantly altered (Table  9.1 ). There was just a trend for increases in cough 
and sneeze ABD EMG amplitudes after both naloxone and codeine injections (Fig.  9.2 , Table  9.1 ).    

 We found no differences in BP during our protocol. There were, however, increases in RR after 
naloxone (54.0 ± 3.6 breaths/min; P < 0.05; 3 min post-naloxone) and following codeine (56.3 ± 3.0 
breaths/min; P < 0.001; 1.5 min post-codeine, 6 min post-naloxone) compared with the control 
pre-injection value (40.2 ± 1.8 breaths/min).  

  Fig. 9.1     Representative experimental recordings.  Codeine administered after prior naloxone failed to reduce the 
tracheobronchial cough.  BP  blood pressure,  EP  esophageal pressure, ò DIA  integrated EMG of the diaphragm, ò ABD  
integrated EMG of abdominal muscles,  stim  tracheobronchial stimulation       

   Table 9.1    Effects on coughing and sneezing of codeine administered on the background of naloxone   

 Cough  CN  %dif DIA  %dif ABD  %dif EPI  %dif EPE 

 Control  4.07 ± 0.62  100  100  100  100 
 Naloxone  3.58 ± 0.81  89 ± 11  122 ± 19  98 ± 27  104 ± 8 
 Codeine  3.17 ± 0.78  99 ± 9  144 ± 47  110 ± 29  103 ± 11 
 ANOVA  P > 0.05  P > 0.05  P > 0.05  P > 0.05  P > 0.05 

 Sneeze  SN  % dif DIA  % dif ABD  % dif EP I  % dif EP E 

 Control  5.50 ± 0.43  100  100  100  100 
 Naloxone  5.67 ± 0.67  95 ± 14  109 ± 14  79 ± 25  83 ± 14 
 Codeine  5.77 ± 1.09  103 ± 7  146 ± 24  107 ± 31  119 ± 18 
 ANOVA  P > 0.05  P > 0.05  P > 0.05  P > 0.05  P > 0.05 

   CN  cough number,  SN  sneeze number,  %dif DIA and %difABD  peak diaphragm and abdominal EMG activities nor-
malized to control responses,  EP  peak esophageal pressure,  I and E  inspiratory and expiratory components of esophageal 
pressure trace  
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    9.4   Discussion 

 The major  fi nding of this study was that codeine failed to appreciably inhibit the cough re fl ex after 
prior pretreatment with an antagonist of  m -opioid receptors in the rabbit. The inference thus is that the 
antitussive activity of codeine is mediated predominantly by  m -opioid receptors. These results are in 
accord with those of our previous study in which we reported a signi fi cant about 50% reductions in 
CN (from 2.6 ± 0.7 to 1.2 ± 0.4) and ABD EMG amplitudes (51 ± 12% of control) after a cumulative 
dose of 5 mg/kg of codeine given without pretreatment with naloxone (Simera et al.  2010  ) . 

 Cough triggered by stimulation of ‘cough receptors’ is responsive to mechanical and acidic stimuli 
(Canning  2009  )  within the tracheo-bronchial airways and is attenuated by narcotic antitussives such 
as codeine (Adcock et al.  1988 ; Dhuley  1999 ; Chattopadhyay et al.  2011  ) . The data presented by Cox 
et al.  (  1984  )  have demonstrated a reduction of intensity of citric acid induced cough by codeine also 
in humans. Higher doses of codeine are required to inhibit capsaicin induced cough supposedly 
triggered  via  C- fi bers (Canning  2009  ) , even in allergic guinea pigs (Bolser et al.  1995a  ) , compared 
with the doses inhibiting mechanical or citric acid cough (Adcock et al.  1988 ; Karlsson et al.  1990  ) . 
This fact is consistent with the existence of two separate pathways mediating the cough response 
(‘cough receptors’  vs.  C- fi bers) (Canning  2009  )  and with different sensitivities of these two types of 
coughs to opioids. Similarly, there is an uneven threshold for codeine suppression for coughs induced 
mechanically from the larynx and from the tracheobronchial airways (particularly from the tracheal 
bifurcation; Bolser et al.  1995a ; Gestreau et al.  1997  ) . Korpas and Tomori  (  1979  )  found in cats that 
codeine (16 mg/kg, i.v.) abolishes cough from the tracheal bifurcation but not from the larynx. Even 
higher doses of codeine (30 mg/kg, i.p.) do not eliminate expiration re fl ex from the vocal folds (Korpas 
and Jakus  2000  ) . The expiration re fl ex-like short expirations induced mechanically from the trachea 
appear to be less sensitive to codeine than cough (Poliacek et al.  2008  ) . 

 Central antitussive effects mechanically-induced tracheobronchial cough in rabbits of codeine 
have been con fi rmed in other studies (Eddy et al.  1969 ; Bolser et al.  1995a ; Jakus et al.  2010 ; Simera 
et al.  2010 ; Gao et al.  2010  ) . To-date, two effective sites for the action of antitussive drugs such as 
codeine have been found in the brainstem: the solitary tract nucleus (Ohi et al.  2005 ; Mutolo et al. 
 2008  )  and the caudal ventral respiratory group (Mutolo et al.  2010 ; Poliacek et al.  2010  ) . In these and 
possibly other cough-related brainstem areas (Jakus et al.  2008  ) , opioid sensitive neurons may con-
tribute to reduced excitability of cough and attenuate expiratory motor output. 

 Binding studies concerning guinea-pig and human opioid receptors have demonstrated that codeine 
and dihydrocodeine are more selective to  m - than  k - or  d -opioid receptors (Mignat et al.  1995 ; Kotzer 
et al.  2000  ) . Morphine, a selective  m -opioid receptor agonist, also has potent antitussive activity in the 

  Fig. 9.2     Representative experimental recordings.  Codeine administered after prior naloxone failed to affect sneezing. 
 BP  blood pressure,  EP  esophageal pressure, ò DIA  integrated EMG of the diaphragm, ò ADB  integrated EMG of abdominal 
muscles,  stim  nasal stimulation       
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cat (Chau et al.  1983 ; Takahama and Shirasaki  2007 ). Therefore, primarily  m - and  k -opioid receptors 
have been considered as being involved in opioid. Furthermore, pharmacological studies carried out 
in rats, mice, and  m  

1
 -opioid receptor de fi cient mice suggest that  m  

2
 - rather than  m  

1
 -subtype of these 

receptors contributes to the antitussive activity of opioids. 
 The issue of cough mediation by  m -opioid receptors is, however, more complex and contentious. 

Drugs acting at non- m -opioid receptors also seem involved in cough regulation (Nosalova  1998  ) . In a 
study by Nosalova et al.  (  1991  )  naloxone given intraperitoneally 5 min before application of codeine 
did not prevent the cough suppressing effect of codeine in unanesthetized cats. Other studies showed 
that the antitussive effects of both isomers of codeine ( d  and  l ) were not inhibited by naloxone in 
anesthetized cats (Chau and Harris  1980 ). Similarly, Chau et al. ( 1983 ) reported no effect of intrave-
nous naloxone on antitussive effects of codeine in lightly anesthetized cats. However, in another 
study, intramuscular administration of naloxone eliminated the antitussive effect of codeine on citric 
acid-induced cough in guinea pigs (Karlsson et al.  1990 ; Kotzer et al.  2000  ) . 

 Our present results showed suppression of the antitussive effect of codeine by naloxone on 
mechanically-induced tracheobronchial cough in anesthetized rabbits. Effective doses of codeine for 
cough suppression codeine are higher in the guinea pig (Dhuley  1999  )  and rabbit (Simera et al.  2010  )  
compared with those in the cat (Bolser et al.  1995b  ) . Furthermore, the ineffectiveness of naloxone to 
block the antitussive activity of codeine in the cat (Nosalova et al.  1991 ; Chau et al.  1983 ) suggests 
the existence of a non-opioid mechanism in cough suppression by codeine in this species. GABA-
ergic, serotoninergic, and NMDA receptor mechanisms could participate in the antitussive activity of 
opioid drugs. The cough-suppressant effect of codeine also can be modi fi ed by decreases in brain 
monoamine content (Nosalova  1998  ) . Codeine and similar drugs inhibit excitatory transmission 
from the primary afferent  fi bers to the second-order NTS neurons  via  opioid receptors (Ohi et al. 
 2007  )  or by postsynaptic inhibition of NTS relay neuron excitability (Canning  2009  ) . 

 Previous studies con fi rmed that opiates play an important role in the central regulation of respira-
tion (Pokorski and Lahiri  1981 ; Faden and Feuerstein  1983 ; Nosalova et al.  1991  ) . However, doses of 
codeine effectively depressing cough usually do not alter breathing (Bolser et al.  1995b ; Simera et al. 
 2010  ) . Opioids can have a number of side effects such as physical dependence, sedation, respiratory 
depression, and gastrointestinal symptoms in humans (Bianchi and Barillot  1975 ; Afshari et al.  2007 ; 
Belvisi and Hele  2009  ) . In suppression of pathological coughing, herbal medicine and plant extracts 
may be very effective (Chattopadhyay et al.  2011  ) , avoiding unwanted side effects of opiate drugs. 
Naloxone increases respiratory frequency (Lawson et al.  1979 ; Pokorski and Lahiri  1981  ) ; the effect 
con fi rmed in the present study in the rabbit. Naloxone likely competes at opioid receptors with endog-
enous opioids, known to be involved in the regulation of respiration, resulting in a higher excitability 
of brainstem respiratory network.      
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  Abstract   Asthma can be effectively treated with sublingual immunotherapy. The in fl uence of 
 sublingual immunotherapy on the function of granulocytes in asthmatic patients is largely unknown. 
Mac-1 integrin is a transmembrane protein containing  a  (CD11b) and  b  (CD18) chains. High expres-
sion of the complex is found on the surface of neutrophils, NK cells, and macrophages. CD11b/CD18 
may bind to CD23, ICAM-1, ICAM-2, and ICAM-4. It plays a crucial role in diapedesis of neutro-
phils. The aim of the present study was to assess Mac-1 expression on neutrophils from asthmatic 
children before and after sublingual immunotherapy. Twenty  fi ve children aged of 8.1 ± 3.1 suffering 
from atopic asthma and allergic rhinitis, shortlisted for speci fi c immunotherapy, served as the study 
group. Fifteen healthy individuals, aged 9.8 ± 3.4, served as a control group. The assessment of CD11b 
and CD18 expression on cells from peripheral blood was performed with a  fl ow cytometer. The tests 
were performed before and after 12 months of sublingual immunotherapy. In the asthmatic children, 
98.08 (90.79–99.12)% of Mac-1 positive neutrophils were detected. The group was divided into two 
subgroups: of more than 98% and less than 95% of neutrophils with CD11b/CD18 expression in the 
sample. After immunotherapy, the percentage of Mac-1 positive granulocytes increased to 99.60 
(99.29–99.68)%, p = 0.01. In the control group, 90.56 (87.08–88.86)% granulocytes were Mac-1 
positive, p = 0.002. We conclude that sublingual immunotherapy strongly in fl uences the function of 
the immunological system, including Mac-1 expression on neutrophils.  

  Keywords   Asthma  •  CD11b/CD18 chains  •  Mac-1 integrin  •  Neutrophils  •  Sublingual immunotherapy    
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    10.1   Introduction 

 The role of neutrophils in the pathogenesis of asthma is still unclear (Foley and Hamid  2007  ) . 
An increased number of these cells are found in the peripheral blood and airways of asthmatic patients, 
especially during exacerbations. It is not clear whether neutrophils are mobilized naturally in the 
course of disease or their migration is secondary to steroids treatment (Monteseirín  2009  ) . 

 It is postulated that the accumulation of neutrophils in airways is mediated by IL-8 and TNF- a , as 
neutrophils’ chemotactic factors released from macrophages and epithelial cells in the respiratory 
tract (MacDowell and Peters  2007  ) . IL-8 triggers degranulation of neutrophils and release of myeloper-
oxidase,  b -glucuronidase, elastase, gelatinase, leukotriene B4, and oxygen radicals. Neutrophils play 
important role in asthma due to their ability to release IL-9, TNF- a  and TGF- b . Noteworthy, IL-9 
regulates the function of Th2 cells, eosinophils, mast cells, as well as airway epithelial cells (Foley 
and Hamid  2007  ) . 

 Mac-1 integrin is a transmembrane protein containing  a  (CD11b) and  b  (CD18) chains. High 
expression of this complex is found on the surface of neutrophils, NK cells, monocytes, and mac-
rophages. CD11b/CD18 may bind to CD23, the inter-cellular adhesion molecules ICAM-1, ICAM-2, 
and ICAM-4, iC3b, to  fi brinogen and LPS/LBP complex. It plays a crucial role in diapedesis of 
neutrophils (Hogg  1997a,   b  ) . 

 Sublingual immunotherapy (SLIT) is found to be an effective and well tolerated treatment. Its 
in fl uence on the function of granulocytes from children suffering from bronchial asthma is largely 
unknown. It is postulated that SLIT inhibits the in fl ammatory process in airways. Synthesis of ICAM 
particles from epithelial cells is decreased under the in fl uence of sublingual immunotherapy (Silvestri 
et al.  2002  ) . A decreased expression of adhesion molecules inhibits the in fl ux of eosinophils and neu-
trophils to the in fl amed tissue. This observation has been indirectly con fi rmed by monitoring the 
concentration of eosinophil cationic protein (ECP) in bronchoalveolar  fl uid (BALF) (Leatherman 
et al.  2007  ) . 

 The goal of the present study was to assess Mac-1 expression on neutrophils from asthmatic 
children before and after SLIT as compared with non-atopic children.  

    10.2   Methods 

    10.2.1   Subjects 

 The experiments were approved by the Ethics Committee of Warsaw Medical University in Warsaw, 
Poland. Blood was collected with parents’ approval. 

 Twenty  fi ve individuals aged 8.1 ± 3.1, 21 boys and four girls, suffering from atopic asthma and 
allergic rhinitis, sensitized to grass pollen and/or  Dermatophagoides pteronyssinus  allergens, 
con fi rmed by skin prick test, shortlisted for speci fi c immunotherapy, served as the study group. The 
analysis was performed before and after 12 months of speci fi c sublingual immunotherapy. Nineteen 
children (76%), 18 boys and one girl, were reexamined after 1 year of SLIT. None of the subjects was 
treated with corticosteroids for 4 weeks before tests. The patients were treated with Staloral 300 
(Stallergens) according to the manufacturer’s instructions. One child did not obtain the maximum 
dose of the vaccine due to low tolerability. Fifteen healthy individuals, aged 9.8 ± 3.4, seven boys and 
eight girls, served as a control group. Inclusion criteria for the control group were low quantitative IgE 
level, a negative history of atopy and asthma or any systemic diseases and no recent infections. The 
characteristic of included children were presented in Table  10.1 .   
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    10.2.2   Flow Cytometry 

 Fifty microliters of peripheral blood collected to tubes containing EDTA were transferred to cytometric 
tubes to which 10  m l of a suitable monoclonal antibody were added. Antigens CD11b and CD18 were 
identi fi ed on the cells, after staining with monoclonal (Beckman Coulter) antiCD11b-PC5 and antiCD18-
FITC antibodies. An appropriate isotypic control with monoclonal antiIgG1-FITC and antiIgG1-PC5 
antibodies was performed for each sample before the proper test. Additional staining with CD23-PE 
monoclonal antibody was performed to exclude from analysis CD23 positive cells (eosinophils). 

 The tubes containing blood mixed with monoclonal antibodies were incubated for 30 min in the 
dark at room temperature. After incubation, erythrocytes were lysed with a lysing solution (BD Pharm 
Lyse-Becton Dickinson), the sample was dissolved in distilled water and mixed. Then, the tubes were 
washed twice with 3 ml 0.9% NaCl and centrifuged after each washing. The cells stained with mono-
clonal antibodies were resuspended in 1 ml of saline. The sample was analyzed in a  fl ow cytometer 
(Cytomics FC500; Beckman Coulter). The  fi rst cytogram divided the peripheral blood leukocytes into 
three main populations on the basis of size and granularity of cells (FS – forward scatter, SS – side 
scatter). Further analysis was performed on cells from B gate (granulocytes). The cytograms of cells 
expressing the antigens were presented in Fig.  10.1 .   

    10.2.3   Statistical Analysis 

 Results were presented as median (Q1, Q3). Statistical analysis was performed using the Mann-Whitey 
U and Wilcoxon matched-pair tests. A p < 0.05 was considered signi fi cant.   

    10.3   Results 

    10.3.1   Percentage of CD11b/CD18+ Neutrophils in Asthmatic 
and Healthy Children 

 98.08 (90.79–99.12)% of Mac-1 positive neutrophils were detected in the peripheral blood of children 
suffering from atopic asthma  vs.  99.69 (99.5–99.8)% in the group of healthy children, p = 0.002 (Fig.  10.2 ). 
Interestingly, in the asthma group we could distinguish two subgroups: the patients with more than 

   Table 10.1    Characteristics of children enrolled into the study   

 Parameter  Asthmatic children  Healthy children 

 Age (year)  8.1 ± 3.1 (5–15)  9.8 ± 3.4 (5.5–14.5) 
 Gender (F/M)  4/21  8/7 
 Bronchial asthma (%)  100%  0% 
 Allergic rhinitis (%)  100%  0% 
 Allergen-speci fi c IgE (>0.7 kU/l) 

 Grass pollen  88%  0% 
  Artemisia vulgaris  (Wormwood pollen)  20%  0% 
 Betula  verrucosa  (Birch pollen)  56%  0% 
  D. pteronyssinus   28%  0% 
  D. farinae   28%  0% 

 Family history of atopic diseases  52%  0% 
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98% of Mac-1 positive neutrophils and those with less than 95% of CD11b/CD18+ neutrophils. In 
the former subgroup, 99.60 (99.29–99.68)% Mac-1 positive granulocytes were detected compared 
with 90.56 (87.08–88.86)% in the latter subgroup, p = 0.0003. No signi fi cant differences between the 
percentages of Mac-1 positive neutrophils was found when comparing the former subgroup of asth-
matics and healthy children, p = 0.26.   

    10.3.2   Percentage of CD11b/CD18+ Neutrophils in Asthmatic Children 
Before and After 1 Year of Sublingual Immunotherapy 

 As mentioned above, 98.08 (90.79–99.12)% of Mac-1 positive neutrophils were detected in the 
asthmatic children before treatment. After 1 year of SLIT, the relative number of CD11b/CD18 posi-
tive neutrophils increased to 99.62 (99.17–99.92)%; the difference between both time-points was 
signi fi cant, p = 0.01 (Fig.  10.3 ).  
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 We also observed that in the subgroup with more than 98% neutrophils expressing Mac-1 integrin, 
SLIT did not cause any appreciable effect in the relative number of cells; 99.42 (98.11–99.81)% 
before  vs.  99.64 (99.07–99.90)% after 1 year of SLIT, p = 0.91. On the other side, in the subgroup with 
less than 95% of CD11b/CD18+ neutrophils, a signi fi cant increase in their relative number was 
observed; 90.56 (89.39–92.04)% before  vs.  99.62 (99.28–99.89)% after SLIT, p = 0.002.  

    10.3.3   Association Between the Percentage of Mac-1 Positive Neutrophils 
and the Response of Basophils to Immunotherapy 

 Additionally, we evaluated the activation of basophils by speci fi c allergens before and after one year 
of sublingual immunotherapy in relation to the Mac-1 expression. As a measure of basophil activa-
tion, the expression of CD203c antigen on cell surface was evaluated according to the methodology 
described elsewhere (Potapinska et al.  2009  ) . Before SLIT, the response of basophils to speci fi c aller-
gens was weaker in the subgroup of asthmatic children with the high >98% expression than in those 
with the lower <95% expression of Mac-1; basophils became desensitized just in 33% children (4 out 
of the 12). The situation was the reverse after SLIT. Here, the response was weaker in 75% children 
(12 out of the 16) in the subgroup with the lower <95% expression of Mac-1 positive neutrophils 
(Fig.  10.4 ). These changes reached borderline signi fi cance (p = 0.053).    
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    10.4   Discussion 

 The role of neutrophils in the pathogenesis of asthma is still unclear. In the present study we examined 
the expression of Mac-1 integrin on neutrophils from the peripheral blood of asthmatic children before 
and after one year of sublingual immunotherapy. We found that two subgroups of patients suffering 
from atopic asthma could be distinguished: one with high and the other with a signi fi cantly lower 
expression of Mac-1 integrin. The percentage of CD11b/CD18 positive cells was not associated with 
the stage of asthma control, polysensitization or monosensitization, or with the presence of any other 
atopic disease. 

 Mac-1 integrin is formed by a complex of CD11b and CD18 antigens. The role of CD11b/CD18 is 
to interact with ICAM-1, ICAM-2, ICAM-3 adhesion molecules on the epithelial cell surface. 
Furthermore, it binds  fi brinogen, complement system proteins and coagulation factor X (Hermanowicz-
Salamon et al.  2006  ) . Mac-1 integrin plays a crucial role in granulocyte migration and in intracellular 
signaling of neutrophils. It determines the ability of neutrophils to diapedesis and enables their migration 
to the place of an in fl ammatory process. 

 It has been observed that BALF from asthmatic subjects contains more CD11b positive mac-
rophages that BALF from healthy individuals. The presence of Mac-1 positive cells in bronchi 
con fi rms the occurrence of an in fl ammatory process (Hermanowicz-Salamon et al.  2006  ) . A higher 
number of CD11b+ neutrophils have been found in sputum than in peripheral blood in asthmatic sub-
jects. In contrast, Maestrelli et al.  (  1999  )  have found no difference in the number of Mac-1 positive 
neutrophils between blood and sputum in healthy individuals. 

 In the present study, a signi fi cant difference was observed in the percentage of CD11b positive 
granulocytes in the peripheral blood between the asthmatic and healthy children. The  fi nding is dis-
crepant to that of Maestrelli et al.  (  1999  )  who have reported no such difference. One explanation of 
the discrepancy may lie in a small number of just eight patients in the mentioned study. 

 It has been suggested that a low percentage of CD11b+ granulocytes in the peripheral blood of 
asthmatic individuals may result from steroid therapy. Sale et al.  (  2004  )  have found that mometasone 
furoate and dexamethasone may decrease the expression of integrins on neutrophils and eosinophils; 
an effect also attributed to theophyline (Spoelstra et al.  1998  ) . However, Mann and Chung  (  2006  )  
failed to con fi rm this observation for prednisolone. Children enrolled in the present study were only 
occasionally treated with inhalant glucocorticosteroids and the treatment was not used at least 4 weeks 
before the blood analysis. Thus, glucocorticosteroid use should not confound the present results. 

 In this study we found that the relative number of Mac-1 positive neutrophils increased after one 
year of SLIT, particularly in the asthmatic children who had had less than 95% of CD11b+ granulo-
cytes before immunotherapy. The surface expression of integrins enables the cell to migrate after its 
activation; the results are however contentious. Drost and MacNee ( 2002 ) found that density of Mac-1 
particles on neutrophils from asthmatic subjects rises after fMLP (N-formyl-methionine-leucine-
phenylalanine), PAF (platelet activation factor), or IL-8 stimulation, but Gabrijelcic et al.  (  2003  )  
observed a decrease in CD11b+ on expression of neutrophils under the in fl uence of PAF, whereas 
Catalli et al.  (  2008  )  reported no change in CD11b on neutrophils after allergen provocation. An increase 
in the number of Th1 cells after sublingual immunotherapy was repeatedly reported (Cosmi et al. 
 2006 ; Kim et al.  2011  ) . That also may in fl uence CD11b expression on neutrophils as Klebanoff 
et al.  (  1992  )  reported that Th1 cells release interferon  g  (IFN- g ). 

 An increase in migration ability of neutrophils in asthma may promote airway remodeling. 
However, such hypothesis cannot be advanced without the evaluation of the number of neutrophils in 
bronchial walls. Only would the presence of in fl ammatory in fi ltration with a high percentage of neu-
trophils con fi rm that an increase in Mac-1 positive granulocytes may potentially contribute to airway 
remodeling. On the other hand, granulocytes, capable of diapedesis, migrate effectively to the place 
of pathogens invasion and can eliminate them ef fi ciently. Our preliminary clinical observations show 
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that children after 1 year of SLIT suffer from seasonal viral rhinitis and bronchitis less frequently than 
before treatment. Increased antiviral immunity may result from the rise of Th1 cell number and 
increased release of interferon  g , while augmented antibacterial immunity may also refer to increased 
number of Th1 cells, since cytokines from the Th1 pro fi le triggers macrophage activation and IgM 
and IgG synthesis in B cells. The immunoglobulins determine the opsonization process and activa-
tion of the complement system (Romagnani  2000  ) . Additionally, increased migration ability of 
neutrophils may also improve antibacterial resistance. 

 In the present study we also found a trend for the association between the response of basophils 
to stimulation with speci fi c allergens and the percentage of Mac-1 positive cells after SLIT. In the 
subgroup of asthmatic children with less than 95% of CD11b/CD18+ neutrophils, desensitization of 
basophils after SLIT was stronger than in the subgroup with a higher percentage of Mac-1 positive 
granulocytes. Further studies, including Mac-1 expression on basophils, will be continued on a larger 
group of patients. Noteworthy, the observation mentioned above is original in view of the fact that no 
other reports point to a relationship between the expression of integrins on granulocytes and the 
response of the immunological system to the allergen-speci fi c immunotherapy. 

 In conclusion, sublingual immunotherapy is an effective treatment in atopic diseases, strongly 
in fl uencing the function of the immunological system. Neutrophil activation and their ability to 
migrate seem one of sublingual immunotherapy targets, although further investigations in this area are 
necessary.      
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  Abstract   The interest in L-arginine metabolism was triggered primarily by the discovery of nitric 
oxide (NO) synthesis in mammals and its remarkable biological roles. The real role of L-arginine in 
the airway hyperreactivity (AHR) has not been established yet. Therefore, we studied whether sup-
plementation of L-arginine can in fl uence the experimental AHR evoked by two different triggers – 
allergen and exogenous irritant (toluene vapours). Male TRIK strain guinea pigs were used in the 
study. We used two patterns of pretreatment with L-arginine  in vivo , short- and long-term, in a dose 
of 300 mg/kg administered i.p., after which we studied reactivity of airway smooth muscles  in vitro . 
Pretreatment with L-arginine for 3 days decreased the airway smooth muscle reactivity induced by 
toluene vapour, whereas pretreatment for 17 days was without any additional effect on smooth muscle 
reactivity. The short-term pretreatment in ovalbumin-induced hyperreactivity caused an increase in 
airway smooth muscle reactivity to lower concentrations of both bronchoconstrictors. On the other 
side, this pretreatment signi fi cantly decreased smooth muscle reactivity to high concentrations of both 
bronchoconstrictors. Supplementation of L-arginine resulted in a modi fi cation of the airway smooth 
muscle response. The effect of supplementation was different depending on the AHR trigger, airway 
region and pretreatment duration. The results also underscore the importance of an optimal L-arginine 
level for the control of bronchial tone.  

  Keywords   Airway hyperreactivity  •  Arginase  •  L-arginine  •  Nitric oxide  •  NO synthase    

    11.1   Introduction 

 L-arginine is the basic substrate for nitric oxide biosynthesis. This semi-essential amino acid is also a 
precursor for the synthesis of various proteins, urea, polyamines, proline, glutamate, creatine and 
agmatine. The synthesis and catabolism of L-arginine is in fl uenced by several enzymes such as argi-
nine succinate synthase, two isoenzymes of arginase, four NO synthases and arginine decarboxylase. 
Changes in the activity of these enzymes play an important role in the determination of L-arginine 
metabolic pathway under physiological and pathological conditions (Wu and Morris  1998  ) . 

    Chapter 11   
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 Intracellular concentration of L-arginine is higher than 100  m mol/l. Its utilization depends not only 
on the presence of enzymes, but also on their catalytic effect. The optimal level of L-arginine in 
humans is suf fi cient for continuous production of NO (Chandran et al.  1998  ) . Although the catalytic 
activity of NO synthase is relatively low (K 

m 
(L-Arg)  1.4–32.2  m mol/l – depending on the isoform 

type), exogenous L-arginine can increase the bioavailability of nitric oxide (Su et al.  1997  ) . Therapy 
with L-arginine is associated with increased concentrations of NO in exhaled air and with increased 
concentration of L-arginine and nitrate in plasma. This con fi rms that an increased amount of the sub-
strate can increase endogenous NO production (Kharitonov et al.  1995  ) . NO synthesis is dependent 
not only on the bioavailability of L-arginine, but also on different cofactors. 

 Another important enzyme using L-arginine is arginase. In humans it is constitutively expressed in 
two forms: arginase I and arginase II. Both enzymes have different properties, they are unevenly dis-
tributed in tissues and cells and have also different regulation of gene expression (Jenkinson et al. 
 1996 ; Li et al.  2001  ) . Induction of arginase of any type may reduce the bioavailability of L-arginine 
for NO synthesis and subsequently attenuate the effects mediated by NO (Gobert et al.  2000  ) . It is 
assumed that arginase II is involved in the regulation of bioavailability of L-arginine for NO synthesis, 
although it is not con fi rmed which type of arginase competes for substrate (Boucher et al.  1999  ) . The 
imbalance between the activity of NO synthase and arginase is induced, e.g., by the action of 
in fl ammatory mediators (Cook et al.  1994  ) . The maximal activity of arginase at physiological condi-
tions signi fi cantly exceeds that activity of NO synthase. While arginase activity in rat liver is about 
1,400  m mol/l/min/mg, NO synthase activity is approximately 1  m mol/l/min/mg (Reczkowski and Ash 
 1994 ; Grif fi th and Stuehr  1995  ) . In terms of in fl ammation, this rate may even increase, therefore 
L-arginine can be considered as a major limiting factor for NO production, the lack of which may 
contribute to the development of airway hyperreactivity (AHR). 

 The metabolic pathway of L-arginine and balance between arginase and NO synthase are impor-
tant factors preventing the onset and development of AHR (North et al.  2009  ) . Endogenous NO is 
involved in the regulation of airway responsiveness to bronchoconstrictive stimuli, including the 
muscarinic receptor agonists, histamine and bradykinin (Meurs et al.  2003  ) . A number of studies 
have shown that de fi ciency of endogenous NO promotes AHR in response to various stimuli (de 
Boer et al.  2001  ) . 

 De fi ciency of NO is the main stimulus for the development of AHR after the late asthmatic 
response. This de fi ciency is due to reduced availability of L-arginine in the airways, which may be 
caused by two different mechanisms: increased activity of arginase competing with iNOS for the 
common substrate, or increased release of eosinophilic substances, which inhibits the transport of 
L-arginine to NO-producing cells (Maarsingh et al.  2009  ) . 

 A decrease in bioavailability of the basic substrate for NO synthesis – L-arginine can in fl uence 
bronchial tone and can be one of the factors contributing to AHR. Therefore, we studied whether 
supplementation of L-arginine can in fl uence the experimental AHR or whether it has bene fi cial effects 
on airway reactivity evoked by two different triggers – allergen or exogenous irritant.  

    11.2   Methods 

 Experimental protocols had been approved by a local Ethics Committee of the Jessenius Faculty of 
Medicine in Martin, Slovakia, in accordance with internationally accepted recommendations regard-
ing the experimental animal care and use. Outbreed male TRIK strain guinea pigs (250–300 g) were 
used in the experiments. The animals were housed individually in climate-controlled commercial 
animal cages. The guinea pigs were weighed before and during the study and had  ad libitum  access to 
water and food. 
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    11.2.1   Study Design 

 We recorded changes in airway smooth muscle reactivity after L-arginine pretreatment in response to 
toluene or allergen exposure. We divided the animals into seven groups, each made up of eight ani-
mals: four experimental and three control ones. All animals from the experimental groups received 
L-arginine (Sigma Aldrich, St. Louis, MA), dissolved in water, in a dose of 300 mg/kg daily, i.p. as 
short-, for 3 days, and long-, for 17 days, pretreatment. The animals in the control groups received 
‘water for injection’ alone – 1 ml/kg. 

 The  fi rst experimental group received L-arginine 30 min before toluene exposure during 3 con-
secutive days (short-term pretreatment). 

 The second experimental group received L-arginine for 17 days (long-term pretreatment); during 
the last 3 days 30 min before toluene exposure. 

 The third experimental group received L-arginine 30 min before each allergen exposure (short-
term pretreatment: three times). 

 The fourth experimental group received L-arginine during over the whole period of sensitization – 
14 days – once a day (long-term pretreatment). 

 All animals in the control groups received ‘water for injection’ as above outlined under otherwise 
the same experimental and hyperreactivity paradigms.  

    11.2.2   Airway Hyperreactivity Induction 

  Toluene exposure.  The method of  in vivo  exposure to toluene vapours described by Strapkova et al. 
 (  1996  )  was used in this study. The guinea pigs were spontaneously breathing toluene vapors in a 
Plexiglas exposure chamber which consisted of the compressor,  fl ow-meter, vaporizer and exposure 
cage. The device was situated in the fume-cupboard at 22°C. Toluene vapours were delivered into 
the cage at a constant  fl ow of 4 l/min. The average concentration of toluene was 6 mg/l (1,600 ppm). 
The duration of each exposure was 2 h for 3 consecutive days. 

  Allergen sensitization.  Guinea pigs were sensitized with ovalbumin (OVA, Sigma Aldrich). The 
animals received OVA during 14 days: the 1st day – 100  m g OVA dissolved in 1 ml saline (0.5 ml – 
subcutaneously in the neck and 0.5 ml i.p.), the 3rd day – OVA in the same dose i.p. only. The guinea 
pigs inhaled 0.1% OVA solution for 3 min on the 14th day.  

    11.2.3   Airway Smooth Muscle Reactivity 

 Airway smooth muscle reactivity was recorded in response to cumulative doses (10 −8 –10 −3  mol/l) of 
histamine and acetylcholine (Sigma Aldrich, St. Louis, MA) after 1 h of tissue incubation  in vitro . The 
animals were killed 24 h after last toluene or allergen exposure. The trachea and lungs were removed 
and thin organ strips were prepared and placed into a bath with Krebs-Henseleit solution containing 
110.0 mmol/l NaCl, 4.8 mmol/l KCl, 2.35 mmol/l CaCl 

2
 , 1.20 mmol/l MgSO 

4
 , 1.20 mmol/l KH

2
PO 

4
 , 

25.0 mmol/l NaHCO 
3
  and 4 g glucose in glass-distilled water. The solution was continuously aerated 

with a mixture of 95% O 
2
  and 5% CO 

2
  at pH 7.5 ± 0.1 and temperature 36.0°C ± 0.5°C. The strip endings 

were connected to a force transducer and an ampli fi er (RES s.r.o, Martin, Slovakia). Changes in 
tension were recorded on PC with speci fi c software (RES s.r.o, Martin, Slovakia). The tissue strips were 
exposed initially to the tension of 4 g (30 min – loading phase). Thereafter, the tension was reduced 
to the baseline of 2 g (30 min – adaptation phase). The Krebs-Henseleit solution was exchanged every 
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10 min. A cumulative concentration-response curve to 10 −8 –10 −3  mol/l histamine or acetylcholine was 
determined for every strip. 

 All results were expressed as means ± SE. Statistical analysis was performed using one-way analysis 
of variance ANOVA. Comparisons of baseline values between groups were analyzed with a two-sided 
 t -test. All statistical analyses were done with Microsoft Excel and Microcal Origin 7.0 (OriginLab, Data 
analysis and Graphing Software). Differences were considered statistically signi fi cant with p < 0.05.   

    11.3   Results 

    11.3.1   Pretreatment with L-Arginine in Toluene-Induced Airway 
Hyperreactivity 

 Short-term pretreatment with L-arginine caused signi fi cant changes in  in vitro  reactivity of trachea and 
lung tissues obtained from the animals exposed to toluene  in vivo . There were increases in tracheal 
smooth muscle reactivity in response to the lowest concentrations of both mediators (10 −8 –10 −7  mol/l 
of histamine and 10 −8  mol/l of acetylcholine) in comparison with the control group. However, we fur-
ther recorded a signi fi cant decrease in tracheal smooth muscle reactivity with gradually increasing 
concentrations of the mediators (10 −4 –10 −3  mol/l of histamine (Fig.  11.1a ) and 10 −5 –10 −3  mol/l of ace-
tylcholine) (Fig.  11.1b ). In contrast, lung smooth muscles responded to histamine with an insigni fi cant 
decrease in reactivity (Fig.  11.1c ), but with a dedicated decrease in reactivity in response to acetylcho-
line at all concentrations used after short-term administration of L-arginine (Fig.  11.1d ).  

 Long-term pretreatment with L-arginine resulted in insigni fi cant decreases in both tracheal and 
lung smooth muscle reactivity (data not shown).  

    11.3.2   Pretreatment with L-Arginine in Allergen-Induced Airway 
Hyperreactivity 

 The effects of short-term pretreatment with L-arginine in the ovalbumin sensitized guinea pigs fol-
lowed by the allergen exposure  in vivo  on the  in vitro  reactivity of tracheal smooth muscles to hista-
mine and acetylcholine were in general similar to those observed for the toluene-exposed animals 
above outlined. The tracheal smooth muscles responded with increases in reactivity at the lowest 
concentrations of both mediators, followed by decreases at higher concentrations after short-term 
pretreatment with L-arginine (Fig.  11.2a, b ).  

 With regard to the long-term pretreatment with L-arginine, the response of the tracheal smooth 
muscle, taken from the allergen-sensitized guinea pigs, to histamine was similar to that observed after 
the short-term pretreatment; increases in reactivity at low concentrations and decreases at higher con-
centrations of histamine (Fig.  11.2a ). Concerning acetylcholine, the effects were more variable. 
Compared with control reactivity, there was  fi rst an increase at the lowest 10 −8  mol/l acetylcholine 
concentration, but at higher acetylcholine concentrations no appreciable changes in the amplitude of 
muscle contraction were observed (Fig.  11.2b ). 

 Lung smooth muscle, taken from the allergen-sensitized guinea pigs, responded with marked 
increases in reactivity due both to histamine (10 −8 –10 −7  mol/l) (Fig.  11.2c ) and acetylcholine 
(10 −8 –10 −7  mol/l) (Fig.  11.2d ) after both short- and long-term L-arginine pretreatment. The increases 
were however apparent only at low concentrations of the mediators and were stronger after the short-
term pretreatment with L-arginine compared with the long-term pretreatment (Fig.  11.2c, d ).   
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    11.4   Discussion 

 We focused in our work on changes in airway hyperreactivity induced by toluene and ovalbumin after 
application of L-arginine, the main precursor for NO synthesis. Many experimental studies have 
demonstrated that a de fi cit rather than an increase of NO (mainly iNOS-derived) is a major cause of 
airway hyperreactivity after the late asthmatic response. NO de fi ciency caused by reduced availability 
of L-arginine in the airways may be a consequence of two different mechanisms. First, increased 
activity of arginase that competes with NOS for a common substrate, and second, increased release 
of eosinophil-derived substances (e.g., peroxidase, polycation proteins) that inhibit the transport of 
L-arginine to NO-producing cells (Maarsingh et al.  2009  ) . 

 We found that short-term application of L-arginine caused substantial reductions in tracheal 
smooth muscle reactivity to both mediators and a reduction in lung tissue reactivity to acetylcholine 
in toluene-induced hyperreactivity. We can suppose that the ultimate effect of L-arginine depends 

     Fig. 11.1     Tracheal (Panels a–b) and lung (Panels c–d) tissues reactivity to histamine and acetylcholine   in vitro  
after short-term pretreatment with L-arginine in guinea pigs exposed to toluene  in vivo ; *p < 0.05; **p < 0.01       
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on the type of enzyme which is dominant in its synthesis and on the way of its administration. The 
question therefore arises which enzymes are important in the pathogenesis of airway hyperreactiv-
ity. Substitution of L-arginine and its utilization with constitutive NO synthase isoforms have pre-
dominantly bene fi cial effects. Increased of iNOS activity or activity of other enzymes (especially 
arginase) may induce the opposite situation. The literature shows an effort to clarify these hypoth-
eses. Inhalation of L-arginine does not worsen symptoms or lung function in patients with mild 
asthma (Sapienza et al.  1998  ) . Oral administration (Kharitonov et al.  1995  )  or inhalation of 
L-arginine in patients with primary ciliary dyskinesia improves cilia dysfunction and respiratory 
antibacterial protection (Loukides et al.  1998  ) . L-arginine modi fi es the endothelial dysfunction in 
patients with COPD (Hutchinson et al.  2001  ) . L-arginine pretreatment also improves airway hyper-
reactivity induced by viruses, which also correlates with increased NO in exhaled air (de Gouw et al. 
 1999  ) . In reducing symptoms of asthma or COPD, L-arginine could also work, in addition to NO 

  Fig. 11.2     Tracheal (Panels a–b) and lung (Panels c–d) tissue reactivity to histamine and acetylcholine   in vitro  
after short- and long-term pretreatment with L-arginine in guinea pigs sensitized with ovalbumin and subsequently 
exposed to the allergen  in vivo ; *p < 0.05; **p < 0.01       
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modulation, by its antioxidant properties due to the presence of guanidine group in its molecule 
(Lass et al.  2002  ) . It is possible that some of these mechanisms could be involved in the protective 
effects of L-arginine in toluene-induced hyperreactivity in the present study. 

 In the experiments concerning allergen-induced hyperreactivity of airway smooth muscles, short-
term pretreatment with L-arginine decreased the tracheal reactivity to both histamine and acetylcho-
line, with the exception of the lowest histamine concentrations. In the case of lung tissue, short-term 
application of L-arginine caused an increase in reactivity in response to the lowest concentrations of 
both mediators. 

 In  in vivo  studies in experimental models of guinea pigs with allergic asthma, iNOS-derived NO 
has a bene fi cial effect on allergen-induced airway hyperreactivity after the late asthmatic response, 
and a partial weakening of bronchial hyperreactivity in relation to its bronchodilator effect (Maarsingh 
et al.  2009  ) . On the other side, disruption of the delicate balance between NO synthase and arginase 
may lead to reduced availability of L-arginine for constitutive isoforms of NOS and thus increased 
oxidative stress and airway hyperreactivity. Mabalirajan et al.  (  2009  )  observed the effect of high doses 
of L-arginine metabolizing enzymes and the subsequent biological response, such as cGMP pro-
duction, lipid peroxidation, peroxynitrite formation, hyperreactivity and airway in fl ammation in 
ovalbumin-sensitized mice models of asthma. L-arginine signi fi cantly reduced AHR and airway 
in fl ammation. In addition, L-arginine increased NO levels in exhaled air and nitro-markers of oxida-
tive stress, e.g., nitrotyrosine. This was associated with reduced activity and expression of arginase-1, 
increased expression of eNOS and reduction of iNOS in bronchial epithelium. 

 The reason why we did not observe a bene fi cial effect of long-term L-arginine pretreatment in the 
airway hyperreactivity conditions is not readily explicable, but that phenomenon has been observed by 
others as well. De Gouw et al.  (  1999  )  described that orally administered L-arginine had no effect on 
airway responsiveness to histamine in patients with asthma. Takano et al.  (  1998  )  found that oral admin-
istration of L-arginine increased airway in fl ammation. Therefore, we can assume that long-term appli-
cation of L-arginine inhibit its short-term bene fi cial effects on airway hyperreactivity. An increase in 
the substrate for NO production probably inhibits cNOS, resulting in ampli fi cation of bronchoconstric-
tion. L-arginine may increase NO production by iNOS or, conversely, may increase production of free 
radicals, which is associated with increased readiness of airway smooth muscle to bronchoconstriction. 
The differences in the action of L-arginine in different regions of the respiratory system may be caused 
by different localization of enzymes that utilize L-arginine and by diverse locations of antioxidant 
mechanisms in the upper and lower airways (Strapkova et al.  2008  ) . The proximal airways also have a 
higher number of L-arginine utilizing NOS neurons than the distal parts. Therefore, NO works as a 
bronchodilator mainly in the proximal part of the airways (Prado et al.  2005  ) . Another explanation is 
that the respiratory system responds to ovalbumin with adaptive responses in larger airways in which it 
regulates the concentration of L-arginine in the epithelial cell layer (Kenyon et al.  2008  ) . 

 Some authors report a different respiratory response to histamine and acetylcholine, while reac-
tivity to histamine is more pronounced (Matsumoto et al.  1997 ; Strapkova et al.  2008  ) . This can be 
caused by differences in the proportion of neuronal re fl ex mechanisms. Histamine induces bronchoc-
onstriction directly and indirectly. Direct contraction of airway smooth muscle is mediated through a 
receptor and indirect one is through neuronal re fl exes and the excitation of cholinergic neural pathways. 
Acetylcholine is less effective for neural re fl ex mediated bronchoconstriction (Matsumoto et al.  1997  ) . 
In our experiments, the response to both mediators did not differ signi fi cantly. The disagreement with 
other authors may be caused by using a different stimulus to induce airway hyperreactivity. In our 
case, the stimuli were an exogenous irritant and ovalbumin sensitization. 

 In summary, pretreatment with L-arginine resulted in a modi fi cation of the response of airway 
smooth muscles. The effects of supplementation depended on the airway hyperreactivity trigger, 
airway region and pretreatment duration. The results show a protective effect of short-term pretreat-
ment with L-arginine mainly in irritant-induced experimental airway hyperreactivity. The study 
underscores the importance of L-arginine for the control of bronchomotoric tone.  
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  Abstract   The aim of the study was to investigate the potential anti-in fl ammatory effects in 
 experimental allergic asthma of natural polyphenolic compounds or their single major components. 
The experiment was performed after 21-days sensitization of guinea pigs with ovalbumin suspension. 
Changes in airway reactivity after the long-term treatment with the polyphenolic compounds Provinol 
and Flavin-7 and their single major components quercetin and resveratrol during were assessed using 
a whole body plethysmography. Reactivity of tracheal smooth muscle was studied  in vitro  in response 
to cumulative doses of the bronchoconstrictive mediators histamine and acetylcholine. Furthermore, 
concentrations of the in fl ammatory cytokines IL-4 and IL-5 were measured in bronchoalveolar lavage 
 fl uid. The results demonstrate signi fi cant anti-in fl ammatory effects of Provinol and Flavin-7 exerted 
in the airways. In contrast, chronic treatment with quercetin and resveratrol, single components of the 
two polyphenols, did not show such activity. We conclude that polyphenolic compounds are more 
effective in the anti-in fl ammatory effects in the airways than their separate components.  

  Keywords   Allergic in fl ammation  •  Airway hyperreactivity  •  Asthma  •  Polyphenols  •  Quercetin  
•  Resveratrol  •  In fl ammatory cytokines    

    12.1   Introduction 

 Allergic asthma is a chronic in fl ammatory disorder of airways in which many in fl ammatory cells, 
airways structural cellular elements, and in fl ammatory mediators play a role in the induction of air-
ways hyperreactivity and bronchoconstriction. The early allergic response occurring within seconds 
to minutes of allergen exposure is manifested with bronchoconstriction, edema in the airways and 
mucin hypersecretion induced by in fl ammatory mediators of mast cells (histamine, prostaglandin D2, 
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and leukotriene C4). The late-phase allergic reaction related to activation of in fl ammatory cells (mast 
cells, T cells, eosinophils, and neutrophils), in fl ammatory cell recruitment in the lungs, airway hyper-
reactivity, and production of IgE might occurs a few hours later (Galli et al.  2008  ) . T h 1/T h 2 imbalance 
with a predominance of T h 2 in fl ammatory cytokines such as IL-4, IL-5, IL-9, and IL-13 is a conse-
quence of allergen challenge. In the presence of IL-4 and IL-13, and co-stimulatory molecules (CD40 
and CD80 or CD86) B lymphocytes undergo a class switch to produce IgE antibodies (Lebman and 
Coffman  1988 ; Van der Pouw Kraan et al.  1998  ) . Higher expression of IL-5 is associated with eosino-
phil-mediated in fl ammation in the airways (Shi et al.  1998  ) . IL-9 enhances proliferation of mast cells 
(Temann et al.  1998  ) . 

 Recently, there has been a great deal of interest in polyphenols due to their bene fi cial pulmonary 
actions both in animals and humans. These natural substances are present in all plants. They are gen-
erally divided into two main categories:  fl avonoids (anthocyanins and anthoxanthins) and non-
 fl avonoids like stilbenes, phenolic acids, and tannins. Polyphenolic natural products exhibit a wide 
range of biological and pharmacological properties. On the basis of many experimental studies, it has 
been accepted that polyphenols have anti-in fl ammatory, bronchodilator, antioxidant, and expectorant 
effects in the airways (   Lee et al.  2009 ; Gilani et al.  2006 ; Brozmanova et al.  2007 ; Moon et al.  2008 ; 
Park et al.  2009  ) . They are able to suppress allergen-induced in fl ammatory cell in fi ltration during the 
late-phase of allergic reaction, to reduce levels of in fl ammatory cytokines IL-4, IL-5 and IL-13 in 
plasma and bronchoalveolar lavage  fl uid (BALF), to decrease serum IgE levels, and to inhibit hista-
mine release from mast cells during both early and late phase of allergic reaction, which all results in 
their anti-in fl ammatory effects in airways (Jung et al.  2007 ; Hurst et al.  2010 ; Iwamura et al.  2010  ) . 

 The aim of our study was to assess changes in respiratory defence re fl exes during experimental 
allergic in fl ammation in the airways in response to treatment with selected polyphenols. The study 
was designed to evaluate the potential anti-in fl ammatory effects of polyphenols by the use of  in vivo  
and  in vitro  methods; the latter analyzing the in fl ammatory cytokines IL-4 and IL-5 in BALF. In the 
study we used the phenolic compounds Provinol and Flavin-7, as well as their separable major com-
ponents quercetin and resveratrol. 

 Provinol as an alcohol-free red wine extract which contains more than 95% of polyphenols. 
We took interest in this compound due to its reported vasorelaxant effect on arterial smooth muscle 
(Andriambeloson et al.  1997  ) . Flavin-7, in turn, is able to relax the tracheal smooth muscle of healthy 
animals and possesses antioxidant properties in airways (Brozmanova et al.  2007 ; Szentmiklósi  2003  ) . 
We were also interested in the antiasthmatic effects of the  fl avonol quercetin and the stilbene resvera-
trol which belong to the main polyphenolic components of Provinol and Flavin-7.  

    12.2   Methods 

    12.2.1   Experimental Protocol 

 The study protocol was approved by a local Ethics Committee of Jessenius Faculty of Medicine, 
Comenius University in Martin, Slovakia. Male Trik guinea pigs were used in our experiment (250–
300 g). They were randomly divided into three main groups each consisting of ten animals: control 
(n = 10) – treated for 21 days only with saline, sensitized with the allergen ovalbumin (OVA) for 
21 days, and POVA, FOVA, KOVA or ROVA – groups of guinea pigs sensitized for 21 days with OVA 
and simultaneously treated with Provinol (20 mg kg −1  per day); Flavin-7 (2 ml kg −1  per day); quercetin 
(20 mg kg −1  per day), or resveratrol (10 mg kg −1  per day), respectively. Polyphenols were administered 
for 21 days daily orally simultaneously with sensitization of guinea pigs. Evaluating the chronic 
anti-in fl ammatory effect of polyphenols was performed on the 21st day of animal sensitization.  
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    12.2.2   Materials 

 Provinol (dry powder of red wine polyphenolic compounds) was provided by D. Ageron (Société 
Francaise de Distillerie, Vallont Pont d’Arc, France). Provinol is a mixture of proanthocyanidins, total 
anthocyanins, free anthocyanins, catechins, phenolic acids and  fl avonols. Flavin-7 is a concentrated 
fruit extract (red grape, blackberry, black cherry, black currant, elderberry, blackthorn, and plum) 
riched on bio fl avonoids and stilbene resveratrol. Flavin-7 was a gift from Vita Crystal Slovakia 
(Slovakia). Quercetin, resveratrol, ovalbumin (egg albumin grade V), histamine hydrochloride, ace-
tylcholine and other chemicals were purchased from Sigma Aldrich (Taufkirchen, Germany) and 
aluminium hydroxide from AFT (Bratislava, Slovakia). RayBio® mouse IL-4 and IL-5 ELISA kits 
were purchased from BioTech X-ray (St.Louis, MO). 

 The composition of Provinol was (in mg g −1  dry powder): proanthocyanins 480, total anthocyanins 
61, free anthocyanins 19, catechin 38, hydroxycinnamic acid 18, and  fl avonols 14. The composition 
of Flavin-7 was: total polyphenols 220 mg of which 170 mg  fl avonoids (myricetin, quercetin, kaemp-
ferol, isorhamnetine, (+)-catechin, (−)-epicatechin, malvidin-3-glucoside, chrysin, galangin, apigenin, 
 fi zetin and luteolin) and resveratrol 0.17 mg in 10 ml of this product.  

    12.2.3   Sensitization of Guinea Pigs 

 The intermittent exposure to allergen (suspension of 5 mg ovalbumin and 100 mg aluminium 
hydroxide) took 21 days. The suspension (0.5 ml) was injected both subcutaneously and intraperito-
nealy on the 1st day, subsequently either subcutaneosuly or intraperitonealy again during 2 weeks. 1% 
ovalbumin was nebulizated by guinea pigs for 1–3 min last week.  

    12.2.4   Assessment of Airways Reactivity 

 Changes in speci fi c airway resistance of sensitized guinea pigs were induced by inhaling histamine 
(10 −4  mol l −1 ) for 2 min during  in vivo  conditions. A non-invasive technique for the measurement of 
these changes was conducted in a whole-body plethysmography after the long-term administration of 
polyphenols (Provinol, Flavin-7, quercetin, and resveratrol). 

 Changes in force of tracheal smooth muscle contraction evoked by cumulative doses (10 −8 –
10 −3  mol l −1 ) of histamine and acetylcholine were analyzed during  in vitro  conditions. These 
bronchoconstrictor mediators were added into the organ bath with Krebs-Henseleit solution 
(in mmol l −1 : NaCl 110.0; KCl 4.80; CaCl 

2
  2.35; MgSO 

4
  1.20; KH 

2
 PO 

4
  1.20; NaHCO 

3
  25.0; 

glucose 10.0). The amplitude of tracheal smooth muscle contraction (mN) after the long-term 
administration of polyphenols to sensitized animals was monitored.  

    12.2.5   Assessment of Airways In fl ammation 

 Levels of in fl ammatory cytokines IL-4 and IL-5 were analyzed in BALF of the left lung. The lavage 
was performed twice with sterile isotonic saline solution (37°C; 10 ml kg −1 ) using a tracheal cannula. 
The supernatant of BALF after centrifugation (1,500 rpm for 10 min) was used for immunological 
analysis of cytokine concentrations using commercially available ELISA kits (RayBiotech, Inc). 
The minimum detection levels for each cytokine was <5 pg ml −1 .  



94 M. Joskova et al.

    12.2.6   Statistical Data Analysis 

 The values for bronchial hyperreactivity and in fl ammatory cytokines in BALF were expressed as 
means±SE. ANOVA was performed to test for any differences in the mean values between groups. 
p < 0.05 was considered to be statistically signi fi cant.   

    12.3   Results 

 On the 21st day of animal sensitization, the experiments focused on the assessment of airway reactivity 
and allergic in fl ammation and the effects on them of the long-term administration of the antioxidants. 
Allergen-induced bronchial hyperreactivity resulted in an increase in speci fi c airways resistance in 
response to histamine  in vivo  and in amplitude of tracheal smooth muscle contraction in response to 
both histamine and acetylcholine  in vitro . There were also signi fi cant elevations in the in fl ammatory 
cytokines IL-4 and IL-5 in BALF. 

 The polyphenolic compounds Provinol and Flavin-7 signi fi cantly reduced both airway reactivity 
(Fig.  12.1a ) and tracheal smooth muscle contraction evoked by both histamine and acetylcholine 
(Fig.  12.2a ). The single components of these compounds quercetin and resveratrol had only mild, 
insigni fi cant bronchodilator effects (Fig.  12.1b ). Incubation of tracheal smooth muscle with quercetin 
reduced the amplitude of contraction in response to histamine and to higher concentrations of acetyl-
choline (10 −5 –10 −3  mol l −1 ). Resveratrol failed to reduce contraction of tracheal smooth muscle 
provoked by both histamine and acetylcholine in sensitized guinea pigs (Fig.  12.2b ).   

 Likewise, the polyphenolic Provinol and Flavin-7 effectively reduced the levels of IL-4 and IL-5 
in BALF of sensitized animals, while quercetin and resveratrol failed to cause appreciable changes in 
these in fl ammatory cytokines (Fig.  12.3 ).   

  Fig. 12.1     Speci fi c airway resistance after chronic administration of polyphenols in guinea pigs . ( a ) Provinol and 
Flavin-7 and ( b ) quercetin and resveratrol. Control – non-sensitized    guinea pigs treated for 21 days with saline; OVA 
– guinea pigs sensitized for 21 days with ovalbumin (OVA); Polyphenol – guinea pigs sensitized with OVA for 21 days 
and simultaneously treated with Provinol (20 mg kg −1  per day) and Flavin-7 (2 ml kg −1  per day) or quercetin (20 mg kg −1  
per day) and resveratrol (10 mg kg −1  per day). Data are means±SE, n = 10;  ××× p < 0.001 compared with the control group; 
**p < 0.01 and ***p < 0.001 compared with the OVA group       
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    12.4   Discussion 

 Treatment strategy of bronchial asthma is aimed at reducing airways hyperresponsiveness and allergic 
in fl ammation, the main features of asthma. Natural substances are less harmful to human health and 
have fewer unwanted effects compared with bronchodilators or corticosteroids. Recently, such 
compounds have become research objects in in fl ammatory disorders. 

  Fig. 12.2     Amplitude of tracheal smooth muscle contraction evoked by histamine  10 −8 –10 −3  mol l −1  after chronic 
administration of ( a ) Provinol and Flavin-7 and ( b ) quercetin and resveratrol. Control – non-sensitizated guinea pigs 
treated for 21 days with saline; OVA –guinea pigs sensitized for 21 days with ovalbumin (OVA); POVA – guinea 
pigs sensitized with OVA for 21 days and simultaneously treated with Provinol (20 mg kg −1  per day); FOVA – guinea 
pigs sensitized OVA for 21 days and simultaneously treated with Flavin-7 (2 ml kg −1  per day); KOVA – guinea pigs 
sensitized with OVA for 21 days and simultaneously treated with quercetin (20 mg kg −1  per day), and ROVA – guinea 
pigs sensitized with OVA for 21 days and simultaneously treated with resveratrol (10 mg kg -1  per day). Data are 
means±SE; n = 10;  × p < 0.05,  ×× p < 0.01, and  ××× p < 0.001 compared with the control group; *p < 0.05, **p < 0.01, 
***p < 0.001 compared with the OVA group       

  Fig. 12.3     In fl ammatory cytokine IL-5 in bronchoalveolar lavage  fl uid (  BALF  )  after chronic administration of 
polyphenols: Provinol, Flavin-7, quercetin, and resveratrol. Control – guinea pigs treated for 21 days with saline; 
OVA – guinea pigs sensitized for 21 days with ovalbumin; polyphenol – guinea pigs sensitized for 21 days with OVA and 
simultaneously treated with Provinol (20 mg kg −1  per day), Flavin-7 (2 ml kg -1  per day), quercetin (20 mg kg −1  per day), 
or resveratrol (10 mg kg −1  per day). Data are means±SE; n = 10;  × p < 0.05 and  ×× p < 0.01 compared with the control 
group; **p < 0.01 compared with the OVA group       
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 In the present study we assessed the effects of selected polyphenols on airway hyperresponsiveness 
and in fl ammation in experimentally evoked allergic asthma. The polyphenolic compounds Provinol 
and Flavin-7 effectively reduced bronchial hyperreactivity and contractile responses of tracheal 
smooth muscle to bronchoconstrictive mediators. Zenebe et al.  (  2003  )  have found similar biologi-
cal effects of Provinol on vascular smooth muscle. This polyphenolic compound of red wine produces 
endothelium-dependent relaxation as a result of enhanced nitric oxide (NO) synthesis. In our previous 
study, we have also shown that the relaxant effect of Provinol in the airways is partially mediated 
through NO metabolism (Joskova et al.  2009  ) . With regard to Flavin-7, Szentmiklósi  (  2003  )  has 
reported the compound’s bronchodilator activity in healthy animals. On the other hand, the broncho-
dilating and anti-in fl ammatory effects of quercetin and resveratrol, single components of the two 
polyphenols outlined above were not con fi rmed in the present study. The latter negative result is diver-
gent with a number of experimental studies which have shown potential bene fi ts of quercetin in regard 
to the limitation of allergic in fl ammation in the airways. In those studies, however, quercetin was 
administered for a much shorter time or in much higher doses (Nanua et al.  2006 ; Jung et al.  2007 ; 
Moon et al.  2008 ; Park et al.  2009 ; Rogerio et al.  2010  ) . Quercetin and its metabolites preferentially 
accumulate in the rat lungs (de Boer et al.  2005  ) , which is in accord with its local protective action 
against experimentally-induced lung  fi brosis in rats (El-Sayed and Rizk  2009  ) . The present study 
failed to con fi rm the bene fi cial effect of quercetin in the bronchial allergic condition. One reason of 
the negative  fi nding could be dif fi cult or reduced solubility of quercetin (Ferry et al.  1996 ; Kim et al. 
 2009  ) . Concerning resveratol, the lack of an effect could be due to too small a dose we employed, as 
doses three times higher apparently are able to exert an effect on the airways (Lee et al.  2009  ) . In the 
present study we chose to use a moderate dose of resveratrol, although higher doses might be justi fi ed 
in view of its oxidative degradation  in vitro  in the presence of bicarbonate ions (Yang et al.  2010  ) . 

 Allergen administration induces early and late allergic reactions in which many in fl ammatory 
cytokines play a role. IL-4 mediates induction of the IgE isotype switch and its secretion by 
B-lymphocytes (Lebman and Coffman  1988  ) , expression of vascular cell adhesion molecule-1 
(VCAM-1) on vascular endothelium (Iademarco et al.  1995  ) , migration of eosinophils through 
endothelium, mucus induction, and differentiation of T helper type 2 lymphocytes and their recruit-
ment to the lungs (Cohn et al.  1997  ) . IL-5 promotes activation of B-lymphocytes resulting in enhanced 
serum antibody levels and eosinophil number in the blood and their in fi ltration into the lungs 
(Shi et al.  1998  ) . In the present study we con fi rmed that both polyphenols Provinol and Flavin-7, but 
not their separable components quercetin and resveratrol, reduced the levels of in fl ammatory cytok-
ines IL-4 and IL-5 in BALF of sensitized guinea pigs. In contrast, some other studies have found that 
the separable components of polyphenols may suppress allergic in fl ammation in airways due to a 
reduction in proin fl ammatory cytokines (Park et al.  2007,   2009  ) . It is therefore a reasonable assump-
tion that the  fi nal effect of polyphenolic compounds is a result of mutual interactions among their 
separable components. The latter components if applied alone may require much higher doses for the 
biological effect to show up. That assumption is in line with the studies in which the antioxidant 
effects of a mixture of  fl avonoids were produced (Kühnau  1976  ) , while  fl avonoid monomers did not 
induce the biological response (Fitzpatrick et al.  1993  ) . 

 In conclusion, the results of our experiments point to the appreciable anti-in fl ammatory effects of 
the polyphenolic compounds Provinol and Flavin-7 in experimental asthma. Such compounds are 
more effective than their separable components. Natural polyphenols may become useful ancillary 
therapy in the management of asthma.      
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  Abstract   Oral peroxidases (OPO) consist mainly of salivary peroxidase and myeloperoxidase and 
are involved in oral defense mechanisms. Salivary peroxidase is synthesized and secreted by salivary 
glands, whereas myeloperoxidase is found in polymorphonuclear leukocytes, which migrate into the 
oral cavity at gingival crevices. Green tea is the world’s second most popular drink after water. 
Polyphenols are the most biologically active group of tea components. The purpose of our study was 
to elucidate the interaction between green tea & EGCG (Epigallocatechin 3-gallate), its main poly-
phenol and OPO. In previous studies we have shown that elderly trained people who drink green tea 
for 3 months, have a higher level of OPO activity compared to non-drinkers. Thus, we decided to 
extend our project in order to understand the above observations by studying the interaction of green 
tea and OPO both  in vitro  and  in vivo . Addition of green tea and black tea infusions (50  m l/ml) and 
EGCG (50  m M) to saliva, resulted in a sharp rise of OPO activity +280% (p = 0.009), 54% (p = 0.04) 
and 42% (p = 0.009), respectively. The elevation of OPO activity due to addition of green tea and 
EGCG was in a dose dependent manner: r = 0.91 (p = 0.001) and r = 0.637 (p = 0.019), respectively. 
Also, following green tea infusion mouth rinsing, a rise of OPO activity was observed: +268% 
(p = 0.159). These results may be of great clinical importance, as tea consumer’s oral epithelium may 
have better protection against the deleterious effects of hydroxyl radicals, produced by not removed 
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hydrogen peroxides in the presence of metal ions. Higher OPO activity upon green tea drinking may 
provide an extra protection against oxidative stress in the oral cavity.  

  Keywords   Oral peroxidases  •  Salivary peroxidase  •  Myeloperoxidase  •  Green tea  •  Epigallocatechin 
3-gallate  •  Polymorphonuclear leukocytes  •  Saliva    

    13.1   Introduction 

 Oral peroxidases (OPO) consist mainly of salivary peroxidase (SPO) and myeloperoxidase (MPO). 
SPO is secreted from salivary glands, mainly from the parotid gland. MPO is secreted from leuko-
cytes that migrate to in fl ammatory regions of the oral cavity (Reznick et al.  2003  ) . The OPO has a 
pivotal role in microorganism’s defense; they use hydrogen peroxide (H 

2
 O 

2
 ) as an oxidant and use 

mainly thiocyanate (SCN − ) and Cl −  to produce antimicrobials that are generally more effective than 
H 

2
 O 

2
  itself (Ashby  2008  ) . MPO is able to use both SCN −  and Cl −  as substrates, but in saliva SCN −  is 

used more readily. In contrast, SPO is able to use SCN −  but not Cl −  (Ihalin et al.  2006  ) . 
 Other then direct peroxidation of H 

2
 O 

2
  by OPO, OSCN −  the oxidation product of SCN − , causes an 

indirect decrease in H 
2
 O 

2
  by preventing the growth of H 

2
 O 

2
  producing bacteria. H 

2
 O 

2
  is harmful to 

human since it can be converted to OH −  in the presence of transition metals such as Fe & Cu and cause 
an irreversible damage to DNA, proteins and membrane lipids (Ihalin et al.  2006  ) . On the other hand, 
OSCN −  is less cytotoxic to human cells but it can oxidize sulphydryl (SH) groups of microbial enzymes 
and other proteins, which results in leakage of potassium ions, amino acids and peptides, and damage 
the synthesis of proteins, RNA and DNA (Kussendrager and van Hooijdonk  2000  ) . 

 Tea ( Camellia sinensis ) is the most popular beverage in the world after water (Wu and Wei  2002  ) . 
Tea is classi fi ed to few categories that differ one from another. Green tea is polyphenols rich tea, while 
in black tea most of the polyphenols are oxidized to dark polyphenolic components. The main poly-
phenols that present in the green tea are catechins. The four main catechins are: epigallocatechin 
3-gallate (EGCG) that constitutes about 59% from total catechins, epigallocatechin (EGC), epicate-
chin 3 gallate (ECG) and epicatechin (EC) (McKay and Blumberg  2002  ) . 

 During our ongoing work on the subject, we have shown that a group of elderly that performed 
physical exercise, and consumed three cups of green tea and one capsule of vitamin E (400 IU) daily, 
increased their OPO enzymatic activity more then the control exercising group who did not receive 
any nutritional intervention. Because of the known green tea polyphenols interaction with Fe that is 
present in SPO & MPO enzymes active sites (Cabrera et al.  2006  ) , we hypothesized that adding green 
tea infusion and EGCG to saliva would lead to an increase in OPO enzymatic activity. Therefore, we 
have initiated  in vitro  and  in vivo  investigations to try to ascertain this increase.  

    13.2   Methods 

 The project was approved by an institutional Ethics Committee. Green tea infusion was prepared from 
tea bags (1.5 g per pack) purchased from Wissotzky Tea Company (Israel). For the preparation of the 
infusion, tea bags brewed in 100 ml DDW and stirred for 1 h in 85°C. EGCG was purchased from 
Sigma-Aldrich (St. Louis, USA). 

 Whole saliva was collected from healthy volunteers under non-stimulatory conditions, as described 
previously (Nagler et al.  2001  ) . The collected saliva was centrifuged in 2,000 rpm for 10 min to 
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remove squamous cells and cell debris. Then, the supernatant  fl uid was collected and analyzed for 
OPO enzymatic activity. 

 In the  in vitro  study, the OPO activity of the volunteers was measured before and after the addition 
of tea infusions or EGCG. In the  in vivo  study, saliva samples were taken after 1 min of mouth rinse 
with 20 ml DDW. Twenty minutes after producing the saliva sample, each volunteer rinsed his mouth 
with 20 ml green tea infusion for 1 min and provided another saliva sample. 

 OPO enzymatic activity was measured according to the NBS-SCN −  method described by Pruitt 
(Pruitt et al.  1990  ) . In this assay DTNB was reduced to NBS by the addition of  b -mercaptoethanol. 
The disappearance of NBS while reacting with OSCN, the product of OPO, was monitored at 412 nm 
at pH 5.6. One unit of enzyme activity was de fi ned as the level of enzyme activity needed to cleave 
one  m mol of NBS/min at 22°C, using a molar extinction coef fi cient of 12,800. 

 All data are given as means ± SD. One sample  t -test was used for  in vitro  statistical analysis com-
paring between treatments (tea or EGCG) and control (PBS). Pearson’s bivariate correlation was used 
to establish green tea and EGCG dose dependent manner. A two sample  t -test was used for  in vivo  
experiments to compare between OPO enzymatic activity after rinsing the mouth with DDW and 
green tea. Statistical signi fi cant was set at p < 0.005.  

    13.3   Results 

 Saliva was freshly obtained from healthy volunteers and was exposed  in vitro  to different volumes of 
green tea infusion. The immediate effects of green tea infusions on saliva were considerable increases 
of OPO enzymatic activity; the increase was 280% with 50  m l/ml green tea infusion compared with 
control; p = 0.009 (Fig.  13.1a ). These increases of OPO enzymatic activity were dose-dependent man-
ner; r = 0.91, p = 0.001 (Fig.  13.1b ). An  in vivo  experiment in which healthy volunteers rinsed their 
mouth with green tea infusion showed similar effects to green tea addition to saliva  in vitro . Mouth 
rinsing with tea increased OPO enzymatic activity (268%), but this increase was not statistically 
signi fi cant compared with DDW rinse; p = 0.159 (Fig.  13.2a ).   
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  Fig. 13.1     (a) Effect of green tea (  GT  , 50  m l/ml) on oral peroxidases (  OPO  ) enzymatic activity.  One milliliter of 
saliva was added with 50  m l GT infusion and OPO enzymatic activity was measured. Data of  fi ve different saliva donors 
are represented as percent of OPO enzymatic activity after GT/PBS addition, compared with before. *Different from 
control; p = 0.009.  (b) Dose dependent effect of GT on OPO enzymatic activity . Saliva was added with GT (20, 40, 
60, 80 and 100  m l/ml saliva) infusion and OPO enzymatic activity was measured. Data of three independent experiments 
of different saliva donors are represented as percent of OPO enzymatic activity, where PBS added saliva represents 
concentration zero       
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 Addition of 20–100  m M EGCG to saliva  in vitro  resulted in dose-dependent increases in OPO 
enzymatic activity; r = 0.637, p = 0.019, which were similar to green tea but less expressed (Fig.  13.2b ). 
The increased OPO enzymatic activity with the addition of 50  m M EGCG was modest (42%) 
compared with green tea but signi fi cant compared with control, p = 0.009 (Fig.  13.3a ). Similar to 
EGCG, 50  m l/ml black tea infusion had a modest in fl uence in increasing OPO enzymatic activity 
(54%); this elevation was also signi fi cant compared with control; p = 0.04 (Fig.  13.3b ).   
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  Fig. 13.3     (a) Effect of epigallocatechin 3-gallate (  EGCG  ) on oral peroxidases (  OPO  ) enzymatic activity.  Saliva 
was added with 50  m M EGCG and OPO enzymatic activity was measured. Data of four different saliva donors are 
represented as percent of OPO enzymatic activity after EGCG/PBS addition, compared with before. *Difference from 
control; p = 0.009.  (b) Effect of black tea (  BT  , 50  m l/ml) on oral peroxidases (  OPO  ) enzymatic activity.  One milliliter 
of saliva was added with 50  m l BT infusion and OPO enzymatic activity was measured. Data of seven different saliva 
donors are represented as percent of OPO enzymatic activity after BT/PBS addition, compared with before. *Difference 
from control; p = 0.04       

  Fig. 13.2     (a) Effect of mouth rinsing with green tea (  GT  ) on oral peroxidases (  OPO  ) enzymatic activity.  OPO 
enzymatic activity was measured in saliva sample obtained after 1 min of 20 ml DDW mouth rinse and compared with 
saliva sample from the same donor after 1 min of 20 ml GT infusion mouth rinsing. Data of three different saliva donors 
are represented as percent of OPO enzymatic activity after GT mouth rinsing, where DDW mouth rinsing represents 
100%.  (b) Dose dependent effect of epigallocatechin 3-gallate (  EGCG  ) on oral peroxidases (  OPO  ) enzymatic 
activity.  Saliva was added with EGCG (10, 50 and 100  m M saliva) and OPO enzymatic activity was measured. Data are 
represented as percent of OPO enzymatic activity of four independent experiments of different saliva donors, where 
PBS added saliva represent concentration zero       
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    13.4   Discussion 

 There is increasing evidence that green tea is bene fi cial to oral health. Tea is effective in decreasing plaque 
score, preventing dentin wear, as an anti-cariogenic    and in prevention of oral cancers (Ooshima et al. 
 1994 ; Hamilton-Miller  2001 ; Chandra Mohan et al.  2005 ; Magalhaes et al.  2009  ) . The results of this study 
show that green tea and black tea infusion and EGCG were able to increase the enzymatic activity of 
OPO. Studies show that SPO is able to degrade mutagenic compounds such as pyrolysates of tryptophan 
and N-hydroxy-2-acetylamino fl uorene and others (Ihalin et al.  2006  ) . The increased OPO enzymatic 
activity due to tea infusion may account for some of the green tea bene fi ts in oral cancer prevention. 

 The mechanism by which tea increases OPO enzymatic activity is unclear. We surmised that tea 
polyphenols have an evident role in that increase. Addition of various concentrations of green tea 
infusion to saliva resulted in a dose dependent increase in OPO enzymatic activity. This increase was 
linear in the range of 0–40  m l/ml. Further increase in green tea concentration (60–100  m l/ml) resulted 
in a more moderate increase in OPO enzymatic activity. This biphasic increase hints on allosteric 
activation of the enzymes due to saturation of the allosteric sites of SPO or MPO. 

 Green tea had an outstanding affect in increasing OPO enzymatic activity, both  in vitro  and  in vivo  
(almost threefold increase). Thus, we expected that EGCG, the green tea most abundant polyphenol, 
will have a similar affect. Indeed, addition of EGCG to saliva caused to a dose-dependent increase in 
OPO enzymatic activity, but the magnitude of the effect was limited compared with green tea, only 
42% increase with 50  m M EGCG.  

 Green and black teas differ from each other mainly in the content of polyphenols or their oxidized 
derivatives. Therefore, we examined whether a polyphenol poor black tea will be able to amplify OPO 
enzymatic activity. We discovered that black tea had a reduced in fl uence on OPO, which was about 
 fi vefold less than that of green tea. The  in vitro  effects of the different treatments are presented in 
(Fig.  13.4 ) Those  fi ndings support the notion that tea polyphenols are responsible for the increased 
enzymatic activity. However, it seems that EGCG is not the only polyphenol that increase OPO enzy-
matic activity. Further research is needed in order to determine which of the tea polyphenols has 
the predominant effect on OPO enzymes.      

Control (PBS)

O
P

O
 e

nz
ym

at
ic

 a
ct

iv
ity

 (
%

)

Green tea EGCG Black tea

600

500

400

300

200

100

0

  Fig. 13.4     Effects of green tea (GT, 50  m l/ml), black tea (BT, 50  m l/ml) and EGCG (50  m M) on oral peroxidases 
(OPO) enzymatic activity.  One milliliter of saliva was added with tea infusion or EGCG and OPO enzymatic activity 
was measured. Data of three (PBS),  fi ve (GT), four (EGCG), and seven (BT) different saliva donors are represented as 
percent of OPO enzymatic activity after Tea/EGCG/PBS addition, compared with before. *Difference from control, 
p < 0.05 and **difference from EGCG and BT, p < 0.01       
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  Abstract   Mangiferin, the main active substance of the mango tree bark ( Mangifera indica  L . ), is 
known for its use in natural medicine, not only as a health enhancing panacea or adjunct therapeutic, 
but also for brain functions improvement. In this context, we deemed it worthwhile to establish 
whether mangiferin could traverse into the brain after systemic administration; an essential piece 
of information for the rational use of a compound as a neurotherapeutic, remaining so far inconclusive 
regarding mangiferin. We addressed this issue by studying recoverability of mangiferin in membrane 
and cytosolic fractions of rat brain homogenates after its intraperitoneal administration in a dose of 
300 mg/kg. We used three preparations of mangiferin of decreasing purity to  fi nd out whether its 
penetration to the brain could have to do with the possible presence of contaminants. The qualitative 
methods of thin-layered-chromatography and UV/VIS spectrophotometry were employed in this 
study. The results were clearly negative, as we failed to trace mangiferin in the brain fractions with 
either method, which makes it unlikely that the compound traverse the blood-brain barrier after being 
systemically administered. We conclude that it is improbable that mangiferin could act  via  direct 
interaction with central neural components, but rather has peripheral, target speci fi c functions which 
could be secondarily re fl ected in brain metabolism.  

  Keywords   Blood-brain barrier  •  Brain homogenate  •  Mangiferin  •  Polyphenols  •  Natural medicine    

    14.1   Introduction 

 Recently, there is a remarkable interest in compounds extracted from medicinal plants, particularly 
those that demonstrate antioxidant properties, which are increasingly used in complimentary medi-
cine. Mangiferin, a glucosyl xanthone, extracted from the mango tree ( Mangifera indica  L . ) is one 
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such bioactive compound that attracts attention due to a spate of antioxidant (Leiro et al.  2004 ; 
Muruganandan et al.  2005a ; Pardo-Andreu et al.  2006a,   b  ) , antiin fl ammatory (Garrido et al.  2004  ) , 
neuroprotective (Martinez Sánchez et al.  2001 ; Gottlieb et al.  2006  ) , and antidiabetic (Miura et al. 
 2001 ; Muruganandan et al.  2005b  )  actions, reported in both  in vivo  and  in vitro  experimental studies. 
In addition, the mango plant has been used in the traditional Indian medicine for mood and cognition 
improvement (   Chopra et al.  1956  ) . The latter is suggestive of a central effect of systemically admin-
istered mangiferin. However, only one study to-date has directly addressed the issue of whether 
mangiferin can penetrate into the brain after systemic administration (Lai et al.  2003  ) . This study 
demonstrates that mangiferin is undetectable in brain dialysates after intravenous administration. The 
authors of a couple of other studies surmise on indirect evidence that mangiferin may be available for 
brain tissue after its chronic oral or intraperitoneal administration, as it protected against neuronal cell 
death induced by transient ischemic insults or by glutamate in neuronal cortical cultures (Martinez 
Sánchez et al.  2001 ; Gottlieb et al.  2006  ) ; the effects attributed to mangiferin’s antioxidant properties. 
Mangiferin, administered intraperitoneally, also inhibits monoamino oxidase activity (MAO), which 
has been observed at the functional level as potentiation of analgesia or reversal of reserpine-induced 
sedation in the rat (Bhattacharya et al.  1972  ) . Such central-like effects may, however, be a re fl ection 
of mangiferin’s peripheral, e.g., vascular or neurotransmitter action (Beltrán et al.  2004  )  or be medi-
ated by mangiferin’s O-methylated metabolites peripherally formed (Lai et al.  2003  ) . 

 The present study was designed on the premise that further advances in mangiferin neurophar-
macology require the essential piece of information on the ability of mangiferin to cross the blood-
brain barrier, which has not yet been tested adequately. Therefore, we set out to determine whether 
mangiferin could be recovered from the brain after its systemic administration in the rat. A second 
aim was to determine whether the equivocal results on mangiferin penetration into the brain above 
outlined could have to do with the varying purity of mangiferin preparations employed. To this end 
we investigated the three most commonly studied mangiferin preparations of decreasing purity, 
from absolute to crude (see details below). The qualitative techniques of thin-layered chromatogra-
phy and spectrophotometry were used in this study. Overall, the study failed to provide evidence for 
the mangiferin passage into the brain. Part of this work has been reported in the abstract form 
elsewhere (Pokorski et al.  2010  ) .  

    14.2   Methods 

    14.2.1   Animals 

 The study was performed in accord with the Polish Animal Protection Bill of August 21, 1997 and 
with the NIH Guide for Care and Use of Laboratory Animals and was approved by a local Ethics 
Committee. Eight adult, male Wistar rats weighing 260–320 g were used for the study. The animals 
were kept in a ventilated room on an arti fi cial 12/12 h light/dark cycle at 21°C, with free access to 
food and water until use.  

    14.2.2   Mangiferin Preparations and Protocol 

 The following three preparations of mangiferin, all aqueous extracts from the stem bark of Mango 
tree, were used: commercially available mangiferin compound of 100% analytical grade purity 
obtained from Sigma-Aldrich (St. Louis, MO) used in three animals, mangiferin extract of ~90% 
purity (three animals), and a preparation under the brand name Vimang®, a mixture of polyphenols, 
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 fl avonoids, terpenoids, steroids, fatty acids, and microelements, clinically used in the Caribbean region 
as a panacean medicine in which mangiferin makes up a major about 20% fraction of ingredients 
(Capote et al.  1998 ; Sánchez et al.  2000b ; Núñez-Sellés et al.  2002  )  (two animals). Vimang® is a 
preparation which has been an extensively tested, found nontoxic, and showing a signi fi cant free radi-
cal scavenging activity (Pardo-Andreu et al.  2006a,   b  ) , particularly for hydroxyl radicals (Sánchez 
et al.  2000a  ) , and a protective effect against rat brain phospholipid peroxidation (Cholbi et al.  1991  ) . 
The latter two compounds were a generous gift from the Center of Pharmaceutical Chemistry in 
Havana, Cuba, where they were extracted and prepared. 

 Each preparation of mangiferin was administered to respective animals intraperitoneally in a 
single dose of 300 mg/kg dissolved in 300  m l of DMSO. In one case, the 90% mangiferin extract was 
administered in a dose of 100 mg/kg dissolved and injected as above outlined. One hour after 
injection, the animals were anesthetized with 50 mg/kg sodium pentobarbital and sacri fi ced by 
perfusion with ice-cold 0.9% NaCl through the left heart. Then, the brain was rapidly enucleated 
from the skull, homogenized, and membrane and cytosolic fractions were prepared according to the 
method of Xu et al.  (  1993  ) .  

    14.2.3   Brain Homogenates 

 Brain tissue was homogenized in the isolation buffer containing 2.5 mM MgCl 
2
  × 6 H 

2
 O, 1 mM 

KHCO 
3
 , 2 mM Tris × HCl pH 7.4, 3 mM EDTA, 100  m M benzamidine, and 100  m M PMSF. 

All reagents were of analytical grade and were purchased from Sigma-Aldrich (St. Louis, MO). The 
sample was centrifuged at 2,000×  g  for 10 min at 4°C. The supernatant was collected and re-centri-
fuged at 40,000×  g  at 10°C for 18 min (L7 Ultracentrifuge; Beckman Instruments, Palo Alto, CA). 
The pellet, representing the membrane fraction, was washed two times with the isolation buffer, 
whereas the supernatant representing the cytosolic fraction was collected. The isolation buffer was 
added to membrane fraction to bring its volume up to 1 ml. Then, the extraction solution, consisting 
of chloroform:methanol:water (4:3:2 v/v) in a volume of 1.125 ml, was added to either fraction to 
extract mangiferin. Following centrifugation at 4,000×  g  for 10 min at 4°C, the upper aqueous and 
lower organic phases were collected and dried under nitrogen. The residues were dissolved in 0.5 ml 
methanol and were then analyzed with both thin-layered chromatography (TLC) and spectrophotom-
etry (Cintra 10e UV/VIS Spectrophotometer equipped with Spectral 1.70 software; GBC Scienti fi c 
Equipment Pty Ltd., Victoria, Australia). For TLC, samples of either phase from both cytosolic and 
membrane extracts from each brain specimen were plated in duplicate in the volumes of 10 and 20  m l 
on standard silica gel plates (Merck, KGaA, Darmstadt, Germany). Mangiferin standard was plated as 
5  m g in 10  m l. As an additional control, crude, uncentrifuged brain homogenate was also chromato-
graphed. The mobile phase consisted of a mixture of n-butanol:acetic acid:water 4:1:2 (v/v). The 
detection was performed visually under visible and ultraviolet lights. The bands were developed with 
iodine vapors, photographed, and digitalized. Solutions of cytosolic and membrane extracts, as out-
lined above, also were used for the spectrophotometric analyses, with methanol as a control solution. 
Here all individual samples were studied in triplicate.   

    14.3   Results 

 Figure  14.1  demonstrates the results of TLC screening and veri fi cation by standards of mangiferin 
compounds in rat brain homogenates. The homogenates were analyzed 1 h after i.p. injection of mango tree 
bark extracts of the 90% purity mangiferin and the less-purity Vimang®, either in a dose of 300 mg/kg. 
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The aqueous phases of brain membrane (M) and cytosolic (C) fractions were plated in double 
volumes alongside the mangiferin standard (S). The R 

f
  factor corresponding to the standard band was 

0.54. There were no traceable bands at the level of the mangiferin standard at either concentration of 
brain samples from mangiferin-treated rats in both cytosolic and membrane fractions. Likewise, a 
negative result concerning the visible presence of mangiferin-related TLC bands also was obtained in 
regard to the third preparation studied, mangiferin of analytical grade purity. Furthermore, mangiferin 
could not be recovered from the organic phases obtained from both fractions nor could it be traced in 
the crude, uncentrifuged brain homogenate taken as an additional basic control (data not shown).  

 We also sought to determine spectrophotometrically mangiferin’s presence in the brain after its 
intraperitoneal administration. The results of this analysis for the 90% purity mangiferin extract are 
displayed in Fig.  14.2 . Mangiferin standard shows a characteristic spectrum consisting of four peaks at 
241, 258, 316, and 363 nm, which is the same in both membrane and cytosolic fractions. The spectra 
obtained from brain samples of the mangiferin-treated rats were identical to those obtained from the 
background brain samples of the untreated rats in either membrane (Fig.  14.2a ) or cytosolic (Fig.  14.2b ) 
fraction; the latter fraction showing a single peak at 252 nm in both treated and untreated rats and both 
fractions’ spectra bore no resemblance to those of the standard. Likewise, there were no differences 
noted in the shape of spectra between the brain samples from mangiferin-treated and untreated rats 
regarding the other two preparations of mangiferin investigated (100 and 20% purity – Vimang®); with 
either type of spectrum being strikingly different from that of mangiferin standard (data not shown).   

  Fig. 14.1     TLC plates of rat brain homogenates  1 h after administration of two mangiferin preparations: 90% purity 
and crude ~20% purity (Vimang ® ) in a dose 300 mg/kg. i.p. M – membrane and C – cytosolic fractions in double con-
centrations marked as 1 = 10  m l and 2 = 20  m l taken from 0.5 ml methanol solution (see Methods for details), S – mangiferin 
standard (100% purity) – 10  m l from 0.5 mg/ml methanol solution. Chromatographic conditions: stationary phase – 
silica gel 60; mobile phase – n-butanol:acetic acid:water 4:1:2 (v/v); detection – iodine vapors. At the level of the 
mangiferin standard outlined by the rectangular frames no traceable spots of mangiferin presence in biological samples 
could be visible       
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    14.4   Discussion 

 Medicinal interest in mangiferin, a compound derived from the mango tree bark, has increased 
appreciably of late. This interest is re fl ected in the increasing number of studies being recently per-
formed on aspects of therapeutic and health-associated advantages of mangiferin a diverse range of 
diseases (Martinez Sánchez et al.  2001 ; Miura et al.  2001 ; Garrido et al.  2004 ; Leiro et al.  2004 , 
Muruganandan et al.  2005a,   b ; Gottlieb et al.  2006 ; Pardo-Andreu et al.  2006a,   b  ) . Some of the mangifer-
in’s health ameliorative properties also involve the pathological conditions of the central nervous system 
(Bhattacharya et al.  1972  ) , suggesting that mangiferin could be a potential neurotherapeutic. To this end, 
in the present study, we deemed it worthwhile to investigate whether mangiferin could traverse into the 
brain after systemic administration; an issue which has been unresolved as of yet. The results of the 
study were clearly negative. We failed to demonstrate the recoverability of mangiferin in brain homoge-
nates after its systemic administration in the rat. Therefore, it seems improbable that mangiferin could 
act  via  direct interaction with central neural components. We also demonstrate that the failure of 
mangiferin passage into the brain is independent of the substance purity, but is likely due to structural 
impediment of the molecule, as even the total freedom of contaminants did not make it penetrable. 

 In this study we used the qualitative methods of TLC and UV/VIS spectrophotometry to screen for 
mangiferin in membrane and cytosolic fractions of brain homogenates. Although we did not detect the 
presence of mangiferin in brain tissue, we cannot preclude its passage into the brain in subthreshold 
amounts for detection. It seems dubious, however, that minute amounts of mangiferin could exert 
dedicated central effects as reported in some studies (Bhattacharya et al.  1972  ) . The detection meth-
ods, as gross as they may be judged, seem sound since the wavelengths of the four-peak mangiferin 
absorption spectra we obtained are close to those reported by Gómez-Zaleta et al.  (  2006  )  at a slightly 
different pH of 8.0. Also, similar methodological procedures are suf fi cient to detect neuroactive 
substances in brain tissue homogenates of even larger than mangiferin’s molecular mass, adminis-
tered in like manner (Zajac et al.  2006  ) . Thus, we reckon mangiferin truly fails to pass into the brain 
in biologically relevant amounts. 

 The blood-brain barrier frequently obstructs the passage of neurotherapeutics into the brain, in 
particular when the molecule is relatively big, of high polarity, and has a highly asymmetric structure, 

  Fig. 14.2     Experimental absorption UV/VIS spectra  obtained from brain homogenates of untreated and mangiferin 
(90% purity – 300 mg/kg. i.p)-treated rats. ( a ) – membrane and ( b ) – cytosolic fractions       
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all of which regard mangiferin, which is one of the most polar xanthones of a molecular weight of 
422 Da. In addition, mangiferin is not lipid soluble and is a glucosylated compound, which may 
further impact its permeability through the barrier. Although the mangiferin molecule is still below 
the upper limit of diffusible size, it is known that the larger the molecule the more dif fi cult diffusion 
would be, regardless of other characteristics. Sugars also, for instance glucose (Simpson et al.  1999  ) , 
require their own highly speci fi c transport proteins expressed at the barrier for the carrier-mediated 
transport into the brain. Such a carrier may not be available for mangiferin which is foreign to the 
brain tissue. The reason why mangiferin molecule is turned away at the blood-brain barrier is thus not 
readily explainable and should be investigated with alternative study designs. 

 That mangiferin does not penetrate into the brain does not necessarily undervalues its potential 
clinical usefulness. The proven functions of mangiferin are those relating it to antioxidant capacity 
in serum, stymieing lipid peroxidation in vascular endothelial cells, immunomodulation of white 
blood cells, and pancreatic homeostasis as target tissues (Miura et al.  2001 ; Leiro et al.  2004 ; 
Muruganandan et al.  2005a,   b ; Pardo-Andreu et al.  2006a,   b  ) . These peripheral functions, along 
with MAO inhibition (Bhattacharya et al.  1972  ) , which should lead to enhanced availability of 
catecholamines in the periphery, may cogently be re fl ected in secondary modi fi cations in brain 
metabolism and function. 

 In conclusion, we believe we have shown that mangiferin, a bioactive compound derived from the 
mango tree bark, having a good medical record, particularly in natural medicine, does not traverse 
the blood-brain barrier after being systemically administered. Nevertheless the compound has got the 
known peripheral, target speci fi c functions. Despite recent advances in the study of mangiferin 
pharmacology, the central neural correlates of its action remain largely unknown.      
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  Abstract   Obstructive sleep apnea (OSA) is an independent risk factor in the pathogenesis of 
 cardiovascular diseases. The aim of the study was to analyze three speci fi c adhesion molecules involved 
in the development of an atherosclerotic plaque: E-selectin (endothelium), L-selectin (leukocyte sur-
face), and P-selectin (from platelet), circulating in plasma in patients at different OSA severity. Eighty 
non-smoking male Caucasians aged 30–64 were enrolled into the study after clinical, biochemical, and 
polysomnographic examinations. The patients were divided into four groups based on the results of 
apnea/hypopnea index (AHI): OSA-0 with AHI 0–4.9 (n = 20), OSA-1 with AHI 5–15 (n = 21), OSA-2 
with AHI 16–30 (n = 18), OSA-3 with AHI  ³  31 (n = 21). Complete blood count, oral glucose tolerance 
test, fasting lipid pro fi le, C-reactive protein and insulin, and plasma concentrations of soluble E-selectin, 
P-selectin and L-selectin were measured. We found a progressive increase in the concentrations of all 
three selectins with the severity of OSA. In conclusion, the level of plasma adhesion molecules may be 
indicative of OSA severity and may contribute to cardiovascular sequelae.  

  Keywords   Adhesive molecules  •  Atherosclerosis  •  Cardiovascular disease  •  Selectins  •  Sleep apnea 
syndrome    

    15.1   Introduction 

 Obstructive sleep apnea (OSA) is a common disorder characterized by the presence of recurrent 
episodes of upper airway obstruction during a sleep, followed by blood oxygen desaturations and 
sleep fragmentation. It affects approximately 2–4% of adults, particularly middle-aged obese men, 
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although its presence in women is also recognized. The prevalence of OSA in patients with the 
cardiovascular diseases is high. It is diagnosed in about 50% of patients with hypertension, 30% of 
those with acute coronary syndrome, 25% of patients with congestive heart failure, and around 60% 
of patients with stroke (Parati et al.  2002 ; Peker et al.  1999  ) . 

 In the past decade, the relationship between OSA and cardiovascular risk factors has been a 
subject of many scienti fi c discussions (Peker et al.  2002 ; Dyugovskaya et al.  2005 ; Gjørup et al. 
 2007  ) . Endothelial dysfunction is an important factor in the pathogenesis of atherosclerosis and it is 
one of the linking mechanisms between OSA and cardiovascular diseases. Systemic in fl ammation, 
oxidative stress, and sympathetic activation may all contribute to the development of endothelial 
dysfunction. One of the earliest stages in the development of an atherosclerotic plaque is the migration 
of leukocytes into the subendothelial layer (Bobryshev  2006  ) . Speci fi c adhesion molecules, like 
selectins (L, P, E) and their ligands, are involved in the development of an atherosclerotic plaque 
(Blankerberg et al.  2003  ) . L-selectin, found on the surface of leukocytes, is a major contributor to 
leukocyte rolling along the endothelium and, together with P-selectin and E-selectin, is responsible 
for leukocyte adhesion and migration (Eriksson et al.  2001  ) . P-selectin is expressed on activated 
platelets and endothelium and is involved in leukocyte rolling and attachment as well. This molecule 
may initiate and increase an atherosclerosis (Ridker et al.  2001  ) . The plasma concentrations of 
P-selectin rise in patients with hypertension, dyslipidemia, and dysglycemia (Lim et al.  2004  ) . 
E-selectin, which is speci fi c for the endothelium, is considered to facilitate rolling and activation of 
leukocytes (Biondi-Zoccai et al.  2003  ) . 

 The aim of this study was to analyze plasma levels of the three soluble selectins: E-selectin, 
L-selectin and P-selectin, in patients at different stages of OSA.  

    15.2   Methods 

    15.2.1   Study Groups 

 The study protocol was approved by the Bioethical Committee of the University of Medical Sciences 
in Poznan, Poland and the participants of the study gave informed consent. 

 Non-smoking Caucasian males aged 30–64 suspected of OSA, without any acute or chronic 
disease and using no medication, were screened by The Epworth Sleepiness Scale. After physical 
examination, and biochemical and somnographic procedures, patients with a body mass index (BMI) 
25.0–40.0 kg/m 2  were included into the study. A 75.0 g-oral glucose tolerance test (OGTT) was per-
formed according to WHO recommendations and newly diagnosed type 2 diabetics (t2DM) were 
excluded from the study. 

 The patients were divided into four groups based on the results of the apnea/hypopnea index (AHI): 
OSA-0 (n = 20) with AHI<5 (without evident breathing disorder); OSA-1 (n = 21) with AHI = 5–15 
(with mild obstructive disorder); OSA-2 (n = 18) with AHI = 16–30 (with moderate obstructive dis-
order); OSA-3 (n = 21) with AHI  ³  31 (with severe obstructive disorder), including subjects with 
comparable metabolic characteristics.  

    15.2.2   Measurements 

 The OSA-suspected subjects were evaluated in a sleep laboratory of the Department of Pulmonology, 
Allergology and Respiratory Oncology of the University of Medical Sciences in Poznan, Poland, and 
they underwent a full-night monitoring by a polysomnographic system EMBLA S4000 (Remlogic, 
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EMBLA Co., Denver, CO). Air fl ow was monitored by a nasal  fl ow canula. Abdominal and thoracic 
movements were assessed by respiratory inductive plethysmography. Night recordings of hemoglobin 
oxygen saturation were obtained by  fi nger pulsoximetry. Snoring sounds, heart rate, and sleep positions 
were also recorded. Apnea was de fi ned as a cessation of air fl ow lasting more than 10 s, and hypopnea 
was de fi ned as a discrete reduction (two thirds) of air fl ow and/or abdominal ribcage movements 
lasting more than 10 s and associated with a decrease of more than 4% in oxygen saturation. 

 All subjects underwent complete physical examination, including the measurement of systolic 
(SBP) and diastolic (DBP) blood pressures, and the calculation of BMI in kg/m 2 . Blood samples 
were collected from ulnar vein twice: fasting (0 min) and at 120 min of OGTT. Fasting blood sam-
ples were used to determine complete blood count (Cell-Dyn Ruby, Abbott Laboratories, Abbott 
Park, IL). The concentrations of plasma glucose during OGTT, fasting lipid pro fi le: total cholesterol 
(TC), triglycerides (TG), HDL-cholesterol, LDL-cholesterol, and serum high sensitivity C-reactive 
protein (hsCRP) were measured (Dimension Xpand Plus Systems, Siemens Healthcare Diagnostics, 
Deer fi eld, IL). 

 Fasting serum samples were stored at −25°C until the concentration of insulin was determined by 
ELISA method (BioSource, Nivelles, Belgium) on microplater reader Sunrise TM  (Tecan Group Ltd, 
Männedorf, Switzerland), with a sensitivity of 0.15 mIU/l. The 3.8% intra-assay and 4.5% inter-assay 
coef fi cients of variation were calculated. The Homeostatic Model Assessment for Insulin Resistance, 
HOMA={[G0] * [Ins]/22.5} was assessed. 

 Fasting plasma samples were frozen at −80°C until the measurement of soluble E-selectin, 
P-selectin, and L-selectin were performed using an ELISA method (R&D Systems, Minneapolis, 
MN) and a microplater reader BioTek Elx800 (Bio Tek Instruments, Inc., Winooski, VT). The minimal 
detectable levels of E, P, and L-selectins were 0.009, 0.5, and 0.3 ng/ml, respectively. The respective 
intra-assay and inter-assay coef fi cients of variation were: for E-selectin 6.5% and 7.4%, for P-selectin 
3.6% and 4.1%, and for L-selectin 5.0% and 6.5%.  

    15.2.3   Statistical Analysis 

 All results are shown as median and quartiles, lower and upper (in parentheses). Shapiro-Wilk’s test 
was used to check the normality of distributions. Differences among OSA-0, OSA-1, OSA-2, and 
OSA-3 groups were evaluated with a nonparametric Kruskal-Wallis ANOVA & median test. 
Differences between two groups were evaluated with a Mann-Whitney U test. Spearman’s correlation 
coef fi cient was used to describe relationships. p < 0.05 was taken as an indicator of statistical 
signi fi cance. Statistical calculations were performed using Statistica 6.0 for Windows program.   

    15.3   Results 

 The study groups did not differ in respect to age, BMI, glucose, insulin, lipid parameters, hsCRP, and 
white blood cell count (WBC). The detailed baseline characteristics are presented in Table  15.1 .  

 We found a progressive increase in the concentrations of all three selectins which correlated with 
the severity of OSA. A nonparametric analysis of the data, using Kruskal-Wallis and median test 
(Figs.  15.1 ,  15.2 , and  15.3 ), revealed signi fi cant differences in the concentration of a given selectin at 
sequential stages of OSA. A subsequent Mann–Whitney U test showed the following differences in 
adhesive molecules:   

   E-selectin: OSA-0  vs . OSA-1 (p < 0.001), OSA-0  vs . OSA-2 (p < 0.001), OSA-0  vs . OSA-3 (p < 0.001), 
OSA-1  vs . OSA-3 (p = 0.050);  

  P-selectin: OSA-0  vs . OSA-3 (p < 0.001), OSA-1  vs . OSA-3 (p = 0.050);  
  L-selectin: OSA-0  vs . OSA-3 (p = 0.003), OSA-1  vs . OSA-3 (p = 0.030).    



116 S. Cofta et al.

 A number of metabolic relationships involving E-, P-, and L-selectins were found in the whole 
study population (n = 80) and in the different OSA-stage subjects. Positive relationships were present 
between AHI and adhesive molecules in the whole study population: AHI & E-selectin (r = 0.50, 
p < 0.001), AHI & P-selectin (r = 0.33, p = 0.005), and AHI & L-selectin (r = 0.35, p = 0.003). There 
were the following positive relationships in the OSA-0 group: E-selectin & DBP (r = 0.47, p = 0.030) 
and E-selectin & TG (r = 0.50, p = 0.036). The OSA-1 subjects displayed a negative relationship of 
P-selectin & HDL (r = −0.52, p = 0.015). The OSA-2 subjects displayed the following positive rela-
tionships: P-selectin & TC (r = 0.50, p = 0.030), L-selectin & TC (r = 0.64, p = 0.003), L-selectin & 
LDL (r = 0.68, p = 0.002). Finally, the OSA-3 subjects displayed these positive relationships: E-selectin 
& BMI (r = 0.48, p = 0.049) and E-selectin & DBP (r = 0.49, p = 0.045).  

   Table 15.1    Characteristics of the study groups   

 OSA-0 (n = 20)  OSA-1 (n = 21)  OSA-2 (n = 18)  OSA-3 (n = 21) 

 Age (year)  55 (39; 61)  53 (43; 60)  55 (48; 61)  55 (46; 60) 
 AHI (events/h)  2.9 (1.7; 4.3)  8.2 (7.1; 12.2)  19.2 (16.8; 22.5)  45.5 (36.3; 61.7) 
 BMI (kg/m 2 )  30.1 (28.0; 33.6)  28.7 (27.1; 30.3)  30.4 (27.8; 32.4)  31.6 (27.5; 36.1) 
 SBP (mmHg)  130 (120; 130)  130 (125; 140)  130 (130; 130)  130 (130; 140) 
 DBP (mmHg)  80 (73; 90)  80 (80; 90)  80 (80; 85)  80 (80; 90) 
 G 0’ (mmol/l)  5.20 (5.02; 5.74)  5.32 (5.02; 5.72)  5.45 (5.19; 5.73)  5.57 (5.31; 5.91) 
 G 120’ (mmol/l)  6.57 (5.58; 7.97)  7.06 (6.12; 7.95)  5.93 (4.50; 7.43)  5.61 (4.80; 7.64) 
 Ins 0’ (mU/l)  22.8 (20.5; 31.8)  21.9 (18.1; 24.4)  19.2 (17.0; 26.0)  21.4 (20.5; 27.7) 
 HOMA  5.8 (4.9; 7.4)  5.6 (4.4; 6.2)  4.8 (4.1; 6.1)  6.1 (5.0; 7.8) 
 TC (mmol/l)  5.49 (4.87; 5.95)  5.39 (4.17; 5.97)  5.23 (4.66; 6.17)  5.36 (4.72; 6.28) 
 TG (mmol/l)  1.77 (1.27; 2.22)  1.49 (1.01; 1.80)  1.65 (1.12; 1.93)  1.65 (1.08; 2.38) 
 HDL (mmol/l)  1.17 (0.98; 1.44)  1.28 (1.14; 1.48)  1.20 (1.07; 1.29)  1.09 (0.97; 1.16) 
 LDL (mmol/l)  3.44 (3.05; 4.09)  3.39 (2.40; 3.97)  3.74 (3.04; 4.56)  3.56 (2.67; 4.04) 
 hsCRP (mg/l)  2.00 (1.02; 2.74)  2.42 (1.65; 3.96)  2.12 (1.66; 2.78)  2.75 (1.66; 3.90) 
 WBC (10 9 /l)  6.5 (6.0; 7.3)  7.3 (6.1; 8.2)  6.8 (5.8; 8.0)  7.3 (5.9; 8.5) 
 E-selectin (ng/ml)  16.3 (8.1; 19.9)  22.7 (21.2; 25.3)  26.0 (20.9; 34.4)  31.8 (23.6; 35.6) 
 P-selectin (ng/ml)  45.0 (36.5; 54.6)  47.2 (35.9;80.2)  64.7 (44.5; 79.5)  75.3 (55.1; 84.1) 
 L-selectin (ng/ml)  1476 (1274; 1649)  1848 (1630; 2308)  1965 (1464; 2654)  2471 (1838; 3180) 

  Data are presented as median and quartiles, lower and upper ( in parentheses ). See Sect.  15.2  for the strati fi cation of 
study groups and the acronyms of the indices examined  

  Fig. 15.1     Comparison of E-selectin concentration  among the study groups by Kruskal-Wallis test and median test 
(p < 0.001). Data are shown as median (▪) with interquartile ranges and minimal ( ┴ ) to maximal ( ┬ ) values. See    Sect.  15.2.1  
for the strati fi cation of study groups       
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    15.4   Discussion 

 Obstructive sleep apnea patients have been shown to have increased cardiovascular morbidity and 
mortality. It is not clear whether and to what extent the increased cardiovascular risk is associated 
with OSA pathology itself and what the effects of other obesity-related disorders would be, includ-
ing arterial hypertension, t2DM, dyslipidemia, and smoking habits or alcohol abuse. From the 
clinical standpoint, the knowledge about early markers of atherosclerosis could improve the 
management of OSA. A study of E, L, and P selectins in relation to OSA severity and cardiovas-
cular risk factors has not yet been performed. 

 In the present study, we found a progressive increase in the concentrations of all three selectins that 
correlated with the severity of obstructive sleep apnea. However, different cardiovascular risk factors 
were related to individual selectins at sequential stages of OSA severity. At the mild stage of OSA-1, 
we noted a potentially bene fi cial relationship between HDL and P-selectin, while at the moderate 
stage of OSA-2, TC and LDL may contribute to elevated either P or L-selectin. At the most severe 
stage of OSA-3, there was an evident in fl uence of BMI and DBP on E-selectin increase. 

 Robinson et al.  (  2004  )  found higher P-selectin levels, as compared with unmatched controls, 
which correlated only with BMI. The increased level of P-selectin did not decline after 1 month of 
continuous positive airway pressure (CPAP) therapy. The authors concluded that platelet activation 

  Fig. 15.2     Comparison of P-selectin concentration  among the study groups by Kruskal-Wallis test and median 
test (p = 0.012). Data are shown as median (▪) with interquartile ranges and minimal ( ┴ ) to maximal ( ┬ ) values. See 
Sect.  15.2.1  for the strati fi cation of study groups       

  Fig. 15.3     Comparison of L-selectin concentration  among the study groups by Kruskal-Wallis test and median 
test (p = 0.012). Data are shown as median (▪) with interquartile ranges and minimal ( ┴ ) to maximal ( ┬ ) values. See 
Sect.  15.2.1  for the strati fi cation of study groups       
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was not related to OSA severity. Other researchers report that elevated P-selectin concentration might 
result from obesity and high leptin levels, which activates platelets, rather than from a direct conse-
quence of OSA (Phillips et al.  2000 ; Corsonello et al.  2002  ) . Minoguchi et al.  (  2007  )  found signi fi cantly 
higher serum levels of soluble P-selectin in patients with moderate-to-severe OSA than in either 
mild-OSA patients or obese control subjects without comorbidities. In addition, a higher prevalence 
of silent brain infarction (SBI) was documented in patients with moderate-to-severe OSA (25.0%) 
than in patients with mild OSA (7.7%), or in controls (6.7%) in brain magnetic resonance images. 
Consequently, OSA patients with SBI displayed increased P-selectin, as compared with non-SBI-OSA 
subjects. Moreover, 3 months treatment with nasal CPAP signi fi cantly decreases P-selectin in subjects 
with moderate-to-severe OSA (Minoguchi et al.  2007  ) . 

 In our earlier study, we found higher concentrations of plasma soluble E-selectin in patients with 
more severe OSA. However, there were no correlations found between the level of this adhesion 
molecule and AHI or other studied metabolic parameters (Cofta et al.  2009  ) . Yun et al.  (  2010  ) , who 
in addition measured carotid intima-media thickness (IMT), described similar  fi ndings. In their study, 
increased P-selectin in OSA patients did not correlate with either AHI or IMT. The authors also noted 
that 4–6 weeks of CPAP therapy decreased the concentrations of soluble E-selectin in OSA patients. 
A bene fi cial in fl uence of CPAP therapy on the plasma levels of soluble selectins (Chin et al.  2000  ) , 
even if a direct linking mechanism is not de fi nitely recognized, does suggest the OSA contribution to 
the development of atherosclerosis. 

 El-Solh et al.  (  2002  )  veri fi ed the hypothesis that different adhesion molecules, including E- and 
L-selectins, are associated with OSA, although with no relation to coexisting coronary artery dis-
ease. In that study, E-selectin was increased in the OSA group compared with control subjects and 
correlated with the AHI and the oxygen desaturation index, but L-selectin was not. L-selectin was 
not changed before and after sleep in both OSA and control subjects in another study as well (Ohga 
et al.  1999  ) . 

 The patients of the present study were free of any in fl ammatory processes, which was veri fi ed by 
serum hsCRP and WBC account (see Table  15.1 ). Therefore, it is a reasonable assumption that the 
changes in plasma selectins observed were due mostly to the underlying OSA. The patients at the 
severe stage of OSA displayed evidently higher P- and L-selectin levels. In contrast, E-selectin was 
increasing continuously from the mild-to-severe stages of OSA.  

    15.5   Conclusions 

 Our study documents that E-, P- and L-selectins may be related to cardiovascular complications at 
more severe stages of OSA and that soluble E-selectin is the most sensitive indicator of cardiovascular 
risk among the adhesive molecules investigated, as it increases progressively with the growing severity 
of OSA.      

   Con fl icts of      interest : The authors declare no con fl icts of interest in relation to this article.  
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  Abstract   Obstructive sleep apnea (OSA) patients present increased cardiovascular morbidity and 
mortality. Oxidative stress is involved in OSA and cardiovascular pathology. The aim of the study was 
to assess oxidative stress markers in the blood of OSA males during oral glucose tolerance test 
(OGTT). The study involved OSA-suspected obese males (BMI  ³  25 kg/m 2 ) aged 35–64, with no 
acute or chronic disorders, appointed for polysomnography to diagnose OSA (AHI  ³  5). The results of 
OGTT allowed to select prediabetic (Pre) subjects and normal glucose tolerance (N), excluding newly 
diagnosed diabetes. Blood was collected at 0 min (fasting) and 120 min of the test. Plasma glucose, 
total antioxidant status (TAS), thiobarbituric acid-reacting substances (TBARS), and activity of super-
oxide dismutase-1 (SOD) in erythrocytes, were determined at the two time points and the difference 
(D) between the 120 and 0 min time points was calculated for either oxidative stress variable (D-TAS, 
D-SOD and D-TBARS). Fasting serum insulin and lipids also were measured fasting. There were four 
groups of subjects, each consisting of 22 individuals N-OSA-neg(ative), N-OSA-pos(itive), Pre-OSA-
neg and Pre-OSA-pos. The N-OSA-pos and Pre-OSA-pos subjects demonstrated decreased SOD-0 
compared with OSA-negative groups. In N-OSA-neg and N-OSA-pos groups, the positive differences 
D-SOD and D-TAS were observed, while Pre-OSA subjects presented negative differences. In 
conclusion, prediabetic OSA patients may consume blood antioxidant factors to counter the effects 
of oxidative stress, more than individuals with normal glucose tolerance.  

  Keywords   Cardiovascular morbidity  •  Obstructive sleep apnea  •  Oxidative stress  •  Prediabetes  •  Oral 
glucose tolerance  •  Obesity  •  Antioxidant status    
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    16.1   Introduction 

 Obstructive sleep apnea (OSA) affects 3–7% of adult men in the developed countries and is considered 
to be the second most common chronic respiratory disorder in adults (Punjabi  2008  ) . The OSA popu-
lation is recognized with increased cardiovascular morbidity and mortality, with combined stroke and 
coronary event risk at about 3% per year (Peker et al.  2002  ) . However, it is still debatable whether this 
situation is related to OSA pathology or to the conventional cardiovascular risk factors associated 
incidentally present in OSA patients (Peppard et al.  2000 ; Shahar et al.  2001  ) . 

 OSA patients often present with obesity (60–70%), hypertension (60–68%), dyslipidemia (50–63%), 
and type 2 diabetes mellitus (t2DM) (16%) (Kiely and McNicholas  2000 ; Peker et al.  2002 ; Yaggi 
et al.  2005  ) . In particular, disordered glucose metabolism seems sharply on the rise in OSA patients. 
In a Japanese study, 30% of OSA patients had t2DM and another 30% had impaired glucose tolerance 
(IGT) (Tamura et al.  2008  ) . OSA is proposed to be an independent risk factor for cardiovascular 
disease (CVD) (McNicholas et al.  2007  ) ; however, a cumulative effect of different metabolic abnor-
malities in one individual is debatable (Dorkova et al.  2008  ) . 

 Data from both epidemiological and clinical studies (Shaw et al.  2008 ; Tasali et al.  2008  )  show that 
OSA is independently associated with dysglycemia and raises the risk for the development of t2DM. 
The pathomechanism of dysglycemia would be decreased insulin sensitivity and glucose intolerance 
(Theorell-Haglöw et al.  2008  )  which are independent of age, gender, or anthropometric  fi ndings such 
as BMI and waist circumference (Punjabi et al.  2004  ) . Oxidative stress is at play in OSA pathology 
(Lavie  2003  )  and also underlies metabolic abnormalities in t2DM and cardiovascular disease (CVD) 
(Ceriello and Motz  2004 ; Rabbani et al.  2010  ) . Therefore, the aim of the present study was to assess 
markers of oxidative stress in the blood of OSA patients during oral glucose tolerance test and to 
compare them with those in control subjects without OSA. To this end we used the accepted meth-
ods of determining the blood antioxidant status. We measured the erythrocyte superoxide dismutase-1 
(SOD), an intracellular antioxidant enzyme, and the plasma total antioxidant status (TAS), which re fl ects 
the extracellular compartment, both described as re fl ecting the antioxidant blood capacity (Habdous 
et al.  2003  ) , while thiobarbituric acid-reacting substances (TBARS) re fl ect plasma lipid peroxidation 
(Okhawa et al.  1979  ) .  

    16.2   Methods 

    16.2.1   Subjects 

 The study was performed in accordance with the Declaration of Helsinki for Human Research and the 
study protocol was approved by the Bioethical Committee of University of Medical Sciences in 
Poznan, Poland. The subjects gave informed consent to the study procedure. 

 Eighty eight male non-smoking subjects, aged 35–64, with body mass index (BMI)  ³ 25 kg/m 2 , 
suspected of obstructive sleep apnea participated in the study. Otherwise, the subjects had no acute or 
chronic disorders. They were quali fi ed for a 75 g oral glucose tolerance test (OGTT) according to 
WHO recommendations  (  1994  ) . The results of OGTT allowed selecting the subjects with normal 
glucose tolerance (N) and prediabetes (Pre); while those with newly diagnosed t2DM were excluded 
from further evaluation. The interpretation of OGTT, based on the American Diabetes Association 
guidelines  (  2011  )  was presented in Table  16.1 . The subjects qualifying for further evaluation (N and 
Pre subjects) were submitted to polysomnography and the apnea/hypopnea index (AHI) was calcu-
lated to select OSA-pos(itive) (AHI  ³  5) and OSA-neg(ative) (AHI < 5) individuals. As a result of the 
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selection process we had four groups of subjects: normal glucose tolerance without obstructive sleep 
apnea (N-OSA-neg), normal glucose tolerance with obstructive sleep apnea (N-OSA-pos), predia-
betes without obstructive sleep apnea (Pre-OSA-neg) and prediabetes with obstructive sleep apnea 
(Pre-OSA-pos); each consisted of 22 subjects.   

    16.2.2   Measurements 

 Complete physical examination, including the measurement of systolic (SBP) and diastolic arterial 
blood pressure (DBP), and the calculation of body mass index (BMI, kg/m 2 ) was performed. 

 OSA-suspected persons were evaluated in the Sleep Laboratory of the Department of Pulmonology, 
Allergology and Respiratory Oncology by full-night polysomnography (Remlogic, EMBLA S4000 
system, Denver, CO). Air fl ow was monitored by a nasal  fl ow canula. Abdominal and thoracic move-
ments were assessed by respiratory inductive plethysmography. Night recordings of hemoglobin 
oxygen saturation were obtained by  fi nger pulsoximetry. Snoring sounds, heart rate, and sleep posi-
tion were recorded. Apnea was de fi ned as a cessation of air fl ow lasting more than 10 s and hypopnea 
was de fi ned as a two-third reduction of air fl ow and/or abdominal ribcage movements lasting more 
than 10 s associated with a decrease of  ³ 4 % of SaO 

2
 . 

 Blood was sampled from the ulnar vein at baseline (time 0 ¢ ) and at 120 min (120 ¢ ) of the OGTT. 
Glucose (G), total antioxidant status (TAS), thiobarbituric acid-reacting substances (TBARS) in plasma, 
and the activity of superoxide dismutase-1 EC.1.15.1.1. (SOD) in erythrocytes were determined at the 
time intervals outlined above. The difference in the values of the markers obtained between the 
120 min and 0 min (baseline level) of the OGTT (D = 120 ¢ –0 ¢ ) was calculated. In addition, fasting 
plasma lipids and insulin (INS) also were measured. 

 Glucose, total cholesterol (TC), high-density lipoprotein cholesterol (HDL) and triglycerides (TG) 
were determined by enzymatic methods (BioMérieux, Marcy-l’Etoile, France) in a UV-160A Shimadzu 
spectrophotometer (Shimadzu, Kyoto, Japan). Low-density lipoprotein cholesterol (LDL) was calcu-
lated due to Friedewald’s formula: LDL = TC-HDL-0.45TG. The reference sera level 1 and level 2 
(Randox) were used for monitoring the accuracy of the determinations. 

 Insulin was measured by an ELISA method (BioSource, Nivelles, Belgium) in a microplater reader 
Sunrise (Tecan Group, Männedorf, Switzerland), with sensitivity of 0.15 mU/l. The intra- and inter-
assay coef fi cients of variation (CV) were 3.8% and 4.5%, respectively. Homeostatic model assess-
ment for insulin resistance: HOMA-IR = G 0 ¢ ·INS/22.5, was calculated. 

 TAS and SOD were measured spectrophotometrically (Randox Laboratories, Crumlin, Antrim, 
UK) on Statfax 1904 Plus (Awareness Technology, Palm City, FL) and TBARS (Okhawa et al.  1979  )  
using Sigma reagents (Germany) and Specord M40 (Germany). The intra- and inter-assay CV for 
SOD (1.6% and 2.7%), TAS (1.5% and 3.8%), and TBARS (1.8% and 3.7%) were calculated.  

   Table 16.1    Interpretation of oral glucose tolerance test (OGTT)   

 Categories of glycemia 

 Plasma glucose concentration 

 Fasting (at 0 min)  at 120 min 

 Normal glucose tolerance (N)  <5.60 mmol/l  <7.80 mmol/l 
 High risk of diabetes 

(Prediabetes) 
 Impaired fasting glycemia (IFG)  5.60–6.99 mmol/l  <7.80 mmol/l 
 Impaired glucose tolerance (IGT)  <7.00 mmol/l  7.80–11.09 mmol/l 

 Diabetes mellitus (DM)  <7.00 mmol/l   ³ 11.10 mmol/l 
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    16.2.3   Statistical Analysis 

 All results were shown as median and quartiles, lower and upper (in parentheses). Normality of data 
distributions was checked with the Shapiro-Wilk test. Signi fi cance of differences among the four 
groups studied was veri fi ed with a nonparametric Kruskal-Wallis ANOVA and median test and 
between two groups by Mann-Whitney U test. Correlations were described by Spearman’s coef fi cient 
(r). A p < 0.05 was taken as indicative of signi fi cant differences. Statistical calculations were performed 
using Statistica 6.0 package for Windows.   

    16.3   Results 

 Clinical and biochemical characteristics of the subjects studied are shown in Table  16.2 . All subjects 
were similar in age, SBP, DBP, INS, TC, HDL, and LDL. Understandably, prediabetic (Pre-OSA-
neg and Pre-OSA-pos) subjects had higher levels of BMI, HOMA-IR, and glucose than those in 
the subjects with normal glucose tolerance (N-OSA-neg and N-OSA-pos). However, there were no 
differences between the N-OSA-neg and N-OSA-pos subjects regarding the parameters outlined 
above. Likewise, there were no differences between the prediabetic subjects (Pre-OSA-neg and Pre-
OSA-pos) irrespective of the presence of OSA, except for the higher HOMA-IR (p = 0.04) and TG 
(p = 0.03) in Pre-OSA-neg group.  

 In general, the subjects with OSA had signi fi cant decreases in blood antioxidant status, compared 
with the non-OSA subjects. TAS 0  ¢   and TAS 120  ¢   were lower in both normal glucose tolerance and 
prediabetic OSA subjects, while SOD 0  ¢   and SOD 120  ¢   declined in the normal glucose tolerance 
OSA subjects only. On the other hand, the prediabetic subjects, both OSA-neg and OSA-pos, had 
higher SOD 0  ¢   compared with the respective groups of the normal glucose tolerance subjects. The 
Pre-OSA-neg subjects had lower SOD 120  ¢   compared with N-OSA-neg and the Pre-OSA-pos sub-
jects had lower TAS 120  ¢   compared with N-OSA-pos. Both TBARS 0  ¢   and TBARS 120  ¢   were 
increased in the Pre-OSA-neg subjects. These differences and their signi fi cance are presented in 
detail in Table  16.2 . 

 Changes in the markers of oxidative stress in the groups studied are presented in Figs.  16.1 ,  16.2 , 
and  16.3 . In the normal glucose tolerance groups, N-OSA-neg and N-OSA-pos, the differences (D) 
between the values at 120 min and 0 min (baseline) of the OGTT were positive for SOD and 
TAS, while they were negative in the prediabetic groups of subjects, Pre-OSA-neg and Pre-OSA-pos. 
A progressive decrease of this difference for TAS (DTAS) was observed from N-OSA-neg through 
N-OSA-pos and Pre-OSA-neg to Pre-OSA-pos. Different correlations between oxidative stress 
markers determined during the OGTT and metabolic parameters are presented in Table  16.3 .      

    16.4   Discussion 

 OSA increases the risk of insulin resistance and glucose intolerance, although the syndrome does not 
actually predict the development of t2DM in a signi fi cant way (Lévy et al.  2009  ) . Nevertheless, OSA 
is linked to increased oxidative stress (Lavie and Lavie  2009  )  which, in turn, in experimental animal 
studies modeling chronic intermittent hypoxia, corresponding to OSA syndrome in humans, appre-
ciably contributes to respiratory control (Edge et al.  2010  ) . That study also points to gender differ-
ences in the control of breathing in rats, which might be in line with a higher prevalence of OSA in 
the male gender. 
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  Fig. 16.1     Difference (D) in the erythrocyte superoxide dismutase (SOD) activity  between the values measured at 
120 min and 0 min (baseline) of oral glucose tolerance test in the groups studied. *p<0.01, **p = 0.01, ***p = 0.0001. 
 N-OSA-neg  normal glucose tolerance without obstructive sleep apnea,  N-OSA-pos  normal glucose tolerance with 
obstructive sleep apnea,  Pre-OSA-neg:  prediabetes without obstructive sleep apnea,  Pre-OSA-pos  prediabetes with 
obstructive sleep apnea       

  Fig. 16.2     Difference (D) in the plasma total antioxidant status (TAS)  between the values measured at 120 min and 
0 min ( baseline ) of oral glucose tolerance test in the groups studied. *p = 0.0002, **p = 0.0003, ***p = 0.00001. 
 N-OSA-neg  normal glucose tolerance without obstructive sleep apnea,  N-OSA-pos  normal glucose tolerance with 
obstructive sleep apnea,  Pre-OSA-neg  prediabetes without obstructive sleep apnea,  Pre-OSA-pos  prediabetes with 
obstructive sleep apnea       

  Fig. 16.3     Difference (D) in the plasma thiobarbituric acid-reacting substances (TBARS)  between the values 
measured at 120 min and 0 min (baseline) of oral glucose tolerance test in the groups studied. ***p = 0.05.  N-OSA-neg  
normal glucose tolerance without obstructive sleep apnea,  N-OSA-pos  normal glucose tolerance with obstructive 
sleep apnea,  Pre-OSA-neg  prediabetes without obstructive sleep apnea,  Pre-OSA-pos  prediabetes with obstructive 
sleep apnea       
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 The literature does not show any data concerning the blood antioxidant capacity during the oral 
glucose tolerance test in obstructive sleep apnea patients. Therefore, we deemed interesting to evalu-
ate the changeability of oxidative stress markers in connection with the risk of diabetes, in relation to 
the results of the glucose tolerance test, and with sleep apnea. We addressed the issue by examining 
the blood levels of TAS, SOD, and TBARS, the basic markers of the oxidant/antioxidant blood capac-
ity, fasting and at 120 min of oral glucose tolerance test, in two clinical situations, normal glucose 
tolerance and dysglycemia, taken as a prediabetic state, in individuals with and without obstructive 
sleep apnea diagnosis. The results demonstrate differences in the TAS and SOD responses to glucose 
load between normal glucose tolerance and dysglycemia and that OSA worsened the antioxidant 
defenses; particularly it decreased the plasma total antioxidant status. 

 An increased of the prooxidant superoxide anion (Schulz et al.  2000  )  and decreased plasma TAS 
(Barceló et al.  2006  )  have been documented in the blood of OSA patients compared with healthy 
individuals. We have previously reported that OSA decreases the antioxidant blood capacity, includ-
ing fasting erythrocyte SOD and plasma TAS of overweight and obese patients (Wysocka et al.  2008  ) . 
Realizing the coexistence of OSA and dysglycaemia, even if the pathogenetic scenario is still not 
quite clear (Rasche et al.  2010  ) , the present study indicates the role of the antioxidant balance in 
protection against t2DM in OSA patients. 

 It seems unclear whether OSA changes the picture of carbohydrate metabolism or dysglycemia 
in fl uences the pathogenesis of OSA. In this investigation, increased fasting activity of erythro-
cyte SOD in prediabetic, mainly OSA-negative, subjects might re fl ect some metabolic mobilization. 
A decrease in blood antioxidants at 120 min of OGTT, particularly regarding the plasma TAS in 
prediabetic OSA-positive subjects, might indicate an elevated turnover of the marker. All those 
changes are likely to keep lipid peroxidation products at a stable level, as TBARS did not differ among 
the groups studied. The studies on oxidative stress in prediabetes are rather sparse. Song et al.  (  2007  )  
investigated Chinese subjects with normal glucose tolerance (n = 92), impaired glucose regulation 
(n = 78), and with newly diagnosed t2DM (n = 113) subjects. They found a progressively lower SOD 
in impaired glucose regulation and t2DM subjects compared with those having normal glucose toler-
ance, while lipid peroxides and total antioxidant capacity (TAC) were not decreased unless in t2DM. 
However, the mixed-gender population of that study presented a de fi nitely lower BMI, normal or 
overweight, than the subjects of the present study. Some ethnic differences also may exist in the 
context of abdominal obesity and the development of t2DM (Alberti et al.  2009  ) . 

 It seems dif fi cult to separate metabolic in fl uences from oxidative stress markers in OSA as judged 
from the correlation we found in this study. In the OSA-positive subjects with normal glucose toler-
ance, increased AHI, but also TC and LDL were associated with decreased DTAS, suggesting the 
plasma antioxidant capacity run short. In the OSA-negative prediabetic subjects, both DTAS and 
DTBARS were positively associated with G 120  ¢  ; therefore, keeping the oxidative stress down might 
be important to prevent or delay the development of t2DM; the appearance of which is facilitated by 
an accumulation of oxidative stress-provoking changes. 

   Table 16.3    Correlations between oxidative stress markers and metabolic parameters in the groups studied   

 N-OSA-neg  N-OSA-pos  Pre-OSA-neg  Pre-OSA-pos 

 TAS 0  ¢   and HDL  r = −0.46; p = 0.04  r = −0.45; p = 0.04  r = −0.46; p = 0.04  – 
 DTAS and AHI  –  r = −0.54; p = 0.01  –  – 
 DTAS and TC  –  r = −0.53; p = 0.01  –  – 
 DTAS and LDL  –  r = −0.56; p = 0.01  –  – 
 DTAS and G120  ¢    –  –  r = 0.45; p = 0.04  – 
 DTBARS and HDL  r = −0.53; p = 0.01  –  –  – 
 DTBARS and G 120  ¢    –  –  r = 0.48; p = 0.03  – 

  See text for acronyms  
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 In conclusion, the study suggests that prediabetic OSA patients consume blood antioxidant factors 
to a greater extent than OSA-negative individuals with normal glucose tolerance for want of avoiding 
oxidative stress. The metabolic contributions of obstructive sleep apnea should be considered in 
clinical practice.      

   Con fl icts of interest    : No con fl ict of interests were declared by the authors in relation to this work.  
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  Abstract   Antibodies against the Na/I symporter (anti-NIS ab) have been found in adult patients 
with autoimmune thyroid diseases. As easily available for the immune system, NIS can play a role 
in the initial stage of autoimmune thyroid diseases. Children with Turner’s syndrome (TS) being at 
high risk of autoimmune thyroid disease development seem a valuable group for the investigation 
of the early autoimmune process. The aim of the study was to investigate the presence of anti-NIS 
ab and its potential clinical signi fi cance in TS children. Fifty four girls with TS were examined 
(age 11.9 ± 2.46 years), and 23 healthy girls with normal thyroid function, free of autoimmune 
diseases. Anti-NIS antibodies were measured by the in-house ELISA method and the Western 
blotting. Sera considered positive for anti-NIS ab were used for the iodide uptake bioassay using 
COS7 cells stably transfected with hNIS. In all patients the thyroid function, antithyroid antibodies 
presence and thyroid ultrasonography were evaluated. In 20% of the patients a subclinical hypothy-
roidism was diagnosed and 70.4% had antithyroid antibodies (anti-TPO – 64.8% and Anti-Tg – 24%). 
Anti-NISab were present in 14.8% girls with TS and in none of the control group. Their presence 
was unrelated to other antithyroid antibodies titre or patients’ age. A positive correlation between 
the anti-NIS ab presence and the hypothyroidism was found (p  <  0.04). Anti-NIS ab-positive sera 
did not suppress iodine uptake. In conclusion, anti-NIS antibodies were present in 14.8% of 
children with TS and they were related to the presence of hypothyroidism .   

  Keywords   Autoantibodies  •  Autoimmune thyroiditis  •  Children  •  Na/I symporter  •  Turner’s syndrome    
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    17.1   Introduction 

 Natrium/Iodide symporter (NIS) is a transmembrane protein responsible for the iodide transport 
into thyrocytes. Since its  fi rst description (Dai et al.  1996 ; Smanik et al.  1996  ) , NIS is considered 
to be an antigen involved in autoimmune thyroid diseases (Raspe et al.  1995  ) . As NIS is localized 
in the basal membrane of the thyroid follicular cells, it is potentially easily available for T cells 
and seems to be a potential autoantigen. Anti-NIS antibodies have been found in some patients 
with autoimmune thyroid diseases including Graves’ disease and Hashimoto’s thyroiditis (Ajjan 
et al.  2000 ; Endo et al.  1996a,   b ; Morris et al.  1997 ; Raspe et al.  1995  ) . However, Ho Su Chin et al. 
 (  2000  )  and Seissler et al.  (  2000  )  reported, that the frequency of anti-NIS antibodies in adult patients 
with autoimmune thyroid diseases is rather low. Clinical implications of the anti-NIS antibodies 
remain still unclear (Dohan et al.  2003 ; Riesco-Eizaguirre and Santisteban  2006  ) . 

 Hashimoto’s thyroiditis is diagnosed in the majority of cases at the developed stage, when the 
goiter or hypothyroidism is present. The process is age-related and the latent period prior to the 
clinical manifestation of autoimmune thyroiditis could be very long. The observations of the natural 
course of autoimmune thyroid diseases in children show that autoimmune markers are not directly 
related to the severity of the immune process (Radetti et al.  2006  ) . The investigation of the natural 
course of the disease from the initial phase in human is not possible due to an obscure time of disease 
onset. Children at high risk of autoimmune thyroid disease seem a valuable group for the investiga-
tion of early stages of the autoimmune process. A high prevalence of autoimmune thyroid diseases 
in adult and children with Turner’s syndrome (TS) is well known (Germain and Plotnick  1986 ; 
Gruñeiro de Papendieck et al.  1987 ; Chiovato et al.  1996 ; Elsheikh et al.  2001 ; Radetti et al.  1995 ; 
Saenger et al.  2001  ) . Between 10% and 30% of TS patients develop primary hypothyroidism in 
association with the presence antithyroid antibodies (Radetti et al.  1995 ; Saenger et al.  2001  ) . 
One can expect that there are individuals in the initial phase of autoimmune thyroiditis among TS 
children. The aim of the present study was to evaluate whether anti-NIS antibodies are present in 
TS children and whether these antibodies would interfere with thyroid function.  

    17.2   Methods 

 The study was approved by the Bioethics Committee of Medical University of Warsaw, Poland. 
Parents and patients signed informed consent for the participation in the study. 

 Sera were obtained from 54 girls with TS (the mean age: 11.9 ± 2.5 years, range 1–18 years). 
Karyotypes distribution within the group was as follows: 55.5% (n = 30) with 45,X, 16.7% (n = 9) with 
Xq isochromosome (mosaicism and homologous line), and 27.8% (n = 15) with mosaicism (45X/46XX; 
45X/47XXX; 45X/46Xr; 45X/46XY). 

 The control group consisted of 23 healthy age-matched girls with normal thyroid function, free of 
autoimmune diseases. The girls in the control group were negative for anti-thyroglobulin (anti-Tg ab) 
and anti-thyroid peroxidase antibodies (anti-TPO ab). The thyroid gland echogenicity and volume 
was evaluated by ATL 3,000 HDI, with linear sound 7.5–12.0 MHz. TSH was measured by IRMA-III 
generation test (Bio Source Europe S.A., Belgium), normal range: 0.5–4.5 mIU/L. Thyroid hormones 
were measured by RIA method (CIS Bio International Filiale de Schering S.A., France): free thyrox-
ine (normal range: 7.0–18 pg/ml) and free triiodothyronine (normal range 2.0–4.25 pg/ml). 
Antithyroglobulin antibodies (anti-Tg ab), and anti-thyroid peroxidase antibodies (anti-TPO ab) were 
measured by an ELISA method (BRAHMS), a cut-off level discriminating between positive and 
negative results was set at 60 IU/L. 
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 The anti-NIS autoantibodies (anti-NIS ab) were detected by in-house ELISA method and con fi rmed 
with a Western blot analysis. Additionally, in sera considered positive for anti-NISab were used for iodide 
uptake bioassay on stable transfected Chinese hamster ovary cell line 7 (COS-7) with hNIS expression. 

    17.2.1   Iodide Uptake Bioassay 

 COS-7 cells were grown until they reached approximately 75% con fl uence. They were then trans-
fected by a lipofectamine technique (Gibco BRL) with pcDNA 3.1 plasmid containing the gene for 
the full-length hNIS (provided by Dr N. Carrasco, Department of Molecular Pharmacology, Albert 
Einstein College of Medicine, Bronx, New York) or with a pcDNA3.1 vector only. Forty eight hours 
after transfection, the COS-7 cells were used for membrane preparation. The membrane from COS-7 
cells was prepared by a modi fi cation of a previously described procedure (Levy et al.  1997  ) . In brief, 
COS-7 cells, plated on 100 mm dishes, were washed with ice-cold PBS, harvested, resuspended in 
ice-cold SBE buffer (250 mM sucrose, 1 mM EDTA, 10 mM HEPES pH 7.4, containing cocktail of 
proteases inhibitors). The homogenate was centrifuged twice at 500 ×  g  for 15 min at 4°C. Following 
centrifugation, 100  m l of 1 M Na 

2
 CO 

3
 /ml was added to the supernatant and incubated at 4°C for 

45 min with continuous shaking. Then, a further centrifugation at 100,000 ×  g  was performed for 
15 min. The pellet was resuspended in an appropriate volume of the above mentioned buffer and 
stored at −80°C until use. The presence of hNIS protein in the membrane preparation was always 
con fi rmed by SDS-Western blot analysis with site-directed anti-hNIS antibodies. Protein concentra-
tion was determined by a BCA micro-method (Pierce Chemical Co., USA).  

    17.2.2   Synthesis of Human NIS Peptides 

 Peptides corresponding to the sequences: aa 560–579 (peptide 4th) and aa 629–643 (peptide 5th) were 
synthesized by a conventional solid phase method and after purity veri fi cation they were used for the 
ELISA method. Af fi nity chromatography with protein A agarose (Pharmacia, Sweden) was used for 
IgG puri fi cation from all tested sera.  

    17.2.3   Anti-NIS Antibody Detection by ELISA Method 

 Maxisorb microtiter plates (Nunc, Denmark) were coated with 100  m l of the membrane protein prepared 
from transfected COS-7 cells or synthetic hNIS peptides diluted to 10  m g/ml in 0.1 M carbonate buffer 
pH 9.6, overnight at 4°C, then blocked with 1% bovine serum albumin (BSA) in the same buffer. 

 Sera diluted at the proportion 1:1,000 or IgGs preparation (1 mg/ml) from the sera in phosphate-
buffered saline (PBS), pH 7.4 containing 0.01% Tween 20 and 0.1% BSA was added to each well and 
incubated overnight at 4°C. The plates were washed three times with PBS-Tween 20 and incubated 
with af fi nity-puri fi ed anti-human IgG/HRP conjugate diluted 1:10,000 (Jackson Immuno Research, 
USA) for 2 h at room temperature. After washing, substrate was added (TMB, Sigma, USA) and opti-
cal density at 450 nm (OD 

450
 ) was estimated. Values above the sum of the mean OD 

450
  (Ē) plus 2SD 

of the control group were considered the positive result. 
 The iodide uptake bioassay was performed by a modi fi cation of a previously described proce-

dure (Ho Su Chin et al.  2000  ) . In brief, COS-NIS-7 cells stably expressing hNIS have been used. 
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5,000 COS-NIS-7 cells were seeded in wells of a 96-well  fl at bottom Polystyrene Microplate (Cultur 
Plate TM , Packard Instrument Company, USA) and grown in DMEM with 10% fetal calf serum for 24 h. 
Fifty microlitres of diluted serum were added and incubated for an hour at 37°C. Then, 50  m l of Hank’s 
buffer containing 0.05  m Ci carrier free Na  125 I and 3  m M KI were added and incubated for 30 min at 
37°C. After that the cells were rapidly washed with the ice cold Hank’s buffer. After the wash 100  m l 
of MICROSCINT 20 were dispensed into each well and shaken after sealing the top of the microplate 
with a layer of adhesive plastic. The samples were counted on TopCount (Packard Instrument, 
USA) for  b  emission. Non-speci fi c trapping was corrected by 10  m M sodium perchlorate addition and 
incubation with Hank’s buffer instead of the serum. All sera were evaluated in triplicates.  

    17.2.4   Statistical Analysis 

 Statistical calculations were performed using a  t -test, Mann-Withney U-Test, and Pearson’s test with 
the use of statistic software Statistica 7.0. P < 0.05 was considered statistically signi fi cant.   

    17.3   Results 

 In 20% of the TS patients hypothyroidism was diagnosed, but only of minimal (subclinical) form (TSH 
<10 mIU/L and normal or slightly decreased thyroid hormone concentration). The anti-TPO and/or anti-
Tg antibodies were present in 38 out of the 54 (70.4%) TS patients. Thirty  fi ve TS patients (65%) were 
positive for anti-TPO ab and 13 (24%) for anti-Tg ab. The mean anti-NIS ab level in sera from the TS 
patients was signi fi cantly higher than that in the control group (p < 0.05). The anti-NISab were considered 
as positive, when the OD 

450 
value  was higher than the mean value in the control group ( Ē  

 S 
 ) plus 2SD 

( Ē  
 S 
   + 2SD ). In the control subjects, none of the sera reached the OD 

450
  above  Ē  

 S 
  +2SD . In the TS patients, 

the OD 
450

  value was higher than  Ē  
 S 
   + 2SD  in nine sera and in three of them this value was higher than 

 Ē  
 S 
   + 3SD . Comparable results were found after IgG puri fi cation. Among IgG samples, eight were posi-

tive, with the OD 
450

  values higher than  Ē  
 igG 

   + 2SD  (Fig.  17.1 ). Summarizing, increased OD 
450

  values were 
found in both sera and immunoglobulin preparations (Table  17.1 ) in eight of the TS patients (14.8%).   

 For the immunoglobulins with increased OD 
450

  in the ELISA method for anti-NIS ab, the Western 
blot analysis was performed (data not shown). The results also suggest the presence of immunoglobu-
lins bound to the NIS protein. 

 A weak positive correlation was found between high OD 
450

  in the ELISA method for anti-NIS ab, 
and anti-Tg antibodies and the presence of anti-TPO antibodies, but the results were not statistically 
signi fi cant (r = 0.3; p > 0.05). Hypothyroidism in the group of TS patients positive for anti-NIS anti-
bodies was more frequent than in the whole group of TS patients: 3/8 (38%)  vs.  11/54 (20%), p < 0.04. 
The iodide uptake in COS7 culture with stable expression of human NIS (hNIS) was not inhibited 
after the incubation with patients’ sera. I-uptake was increased in both TS patients and controls and 
did not differ between the two groups (Fig.  17.2 ).   

    17.4   Discussion 

 The  fi rst report describing NIS as a potential thyroid autoantigen was published by Raspe et al.  (  1995  ) . 
Since then many papers considering this issue have been published. Some authors reported the pres-
ence of NIS-binding immunoglobulins in patients with autoimmune thyroid diseases, others evaluated 
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  Fig. 17.1     OD  
 450 

   values of 
IgG samples received in 
anti-NISab ELISA  in 
Turner’s syndrome (TS) girls 
and controls       

   Table 17.1    Characteristics of patients positive for anti hNIS ab   

 Extinction value 
in sera (OD 

450
 ) 

 Extinction value 
in IgG (OD 

450
 ) 

 Anti-TPOab 
(IU/L) 

 Anti-TGab 
(IU/L) 

 Subclinical 
hypothyroidism  Karyotype  Age (years) 

 2.26 a   2.04 a   –  –  +  45,X  14.9 
 2.25 a   2.24 a   201.0  –  +  i(Xq)  11.8 
 2.20 a   1.62 b   570.0  –  +  46,X iX(q)  13.4 
 2.10 b   1.83  b   36.0  –  –  45,X  12.6 
 2.01 b   1.13  615.0  –  –  46,X iX(q)  13.6 
 2.04 b   1.61 b   560.0  –  +  45,X  10.6 
 1.98 b   1.54 b   192.0  –  –  45X/47XXX   4.5 
 1.91 b   1.67 b   670.0  –  –  45,X   9.1 
 1.87 b   1.47 b   420.0  292.0  –  45,X  15.3 

   a OD 
450

  higher than the mean value in the control group + 3SD  
  b OD 

450
  higher than the mean value in the control group + 2SD   

  Fig. 17.2     In fl uence of patients’ sera on the iodide uptake in the COS-hNIS7cells .  CPM*  the mean value of 
triplicates,  eu  euthyroid control sample,  eu + PC  euthyroid control with perchlorate addition       
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also its biological activity. These two effects of the presence of anti-NIS antibodies should be 
distinguished. The presence of antibodies recognizing NIS protein in patients with autoimmune thyroid 
diseases con fi rms that NIS could be an important antigen in autoimmune process, but their biological 
activity may have variable functional effects, like in case of anti-TSH-receptor antibodies. 

 In our study, girls with Turner’s syndrome were investigated as a group of patients at high risk of 
autoimmune thyroid diseases development. In serum samples from the majority of them we found 
antithyroid antibodies. These results con fi rmed our hypothesis that among out patients there were 
some in the early stages of autoimmune thyroiditis. Increased OD 

450
 values were found by the anti-NIS 

ELISA method in sera and also in immunoglobulin preparations in 14.8% of TS patients. This result 
suggests that anti-NIS antibodies belong to the IgG immunoglobulins. Similar results were described 
by Endo et al.  (  1996b  ) . They reported that 15% of sera from patients with Hashimoto’s thyroiditis and 
84% of sera from patients with Graves’ disease recognized rat NIS (rNIS) protein in Western blot 
analysis. Similar results were obtained in puri fi ed IgG fractions (Endo et al.  1996b  ) . Morris et al. 
 (  1997  )  also found that autoantibodies against NIS are frequently present in sera of patients with 
autoimmune thyroid diseases. 

 Biological activity of anti-NIS antibodies could be measured by their effect on iodide uptake. 
Different laboratory approaches were used for anti-NIS antibodies activity evaluation. The majority 
of authors used transfected cell cultures with human or rat NIS expression (Ajjan et al.  1998 , 2000; 
Endo et al.  1996a ; Raspe et al.  1995  ) . Inhibition of  125 I uptake by anti-NIS antibodies was observed in 
the studies of Endo et al.  (  1996a  ) , and Ajjan et al.  (  1998,   2000  ) . However, both authors suggested that 
blocking activity of sera from patients with autoimmune thyroid disease is rather rare. Endo et al. 
 (  1996a  )  found only 4 out of the 34 sera of patients with Hashimoto’s thyroiditis showing NIS binding 
IgGs, which suppressed I-uptake in CHO cells with rNIS expression. In another study, Ajjan et al. 
 (  2000  )  found that almost one third of serum samples from patients with Graves’ disease and 
Hashimoto’s thyroiditis were positive for anti-NIS antibodies. However, none of them modulated NIS 
transporting activity. Similarly, Ho Su Chin et al.  (  2000  ) , Seissler et al.  (  2000  ) , and Tonacchera et al. 
 (  2001  )  observed that in the sera of patients with autoimmune thyroid diseases the IgGs recognizing 
NIS protein are rather rare. Ho Su Chin et al.  (  2000  )  found that only 14 out of the 299 analyzed sera 
of patients with autoimmune thyroid diseases inhibited iodide uptake in stably transfected COS7 cell 
with hNIS expression. Moreover, this inhibitory activity disappeared when fractionated IgGs were 
examined. These results suggested that the inhibitory effect was not antibody-mediated. Similar data 
were obtained by Tonacchera et al.  (  2001  ) . The authors evaluated the effects of sera and puri fi ed IgGs 
from both Graves’ disease and Hashimoto’s thyroiditis on biological activity of the NIS protein. They 
showed that several serum samples inhibited I-uptake  in vitro , but none of the puri fi ed preparation of 
IgG had an inhibitory activity. In the present study we used the bioassay with stably transfected COS7 
cells with hNIS expression to detect the inhibition of  125 I uptake. However, we did not detect an inhibi-
tion of I-uptake by sera containing anti-NIS antibodies. Surprisingly, an increase in the I-uptake was 
observed in the presence of both patients and control sera. We cannot explain this  fi nding. Nevertheless, 
taking into account that the present study was performed during the  fi rst years of mandatory salt 
iodination in Poland, one can speculate that the increase of I-uptake might depend on the process of 
elimination of iodine de fi ciency. However, it is dif fi cult to elucidate the mechanism of this stimulatory 
effect of sera we observed. Seissler et al.  (  2000  )  analyzed anti-NIS antibodies frequency and their 
activity, using recombinant hNIS expressed by  in vitro  transcription and translation method, in a 
large group of patients with autoimmune thyroid diseases. In that study, the prevalence of anti-NIS 
antibodies was higher in patients with Hashimoto’s thyroiditis than in those with Graves’ disease: 
20.8%  vs.  10.7% respectively, although it was rather low in the both groups. Little is known about the 
clinical consequences and associations of anti-NIS antibodies in patients with autoimmune thy-
roiditis. Seissler et al.  (  2000  )  found a weak positive correlation between anti-hNIS and anti-TPO 
antibodies (r = 0.35, p < 0.05). We also found a weak positive, but not signi fi cant, correlation between 
the anti-NIS antibodies and anti-Tg or anti-TPO antibodies. Furthermore, we observed an appreciable 
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correlation between subclinical hypothyroidism and the presence of anti-NIS ab. Since the antibodies 
did not suppress I-uptake, we presume that hypothyroidism might be a result of some other mecha-
nisms of their activity or unrelated to their presence. The anti-NIS antibodies might be only an addi-
tional marker of autoimmune disease. However, a positive correlation with hypothyroidism in our 
study and with other antithyroid antibodies in other works (Seissler et al.  2000  )  suggests that injury of 
thyroid cells is somehow related to the presence of anti-NIS antibodies at the beginning of an autoim-
mune process. The clinical and pathogenic role of anti-NIS antibodies in autoimmune thyroid 
diseases remains to be elucidated in further studies.      
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  Abstract   Chronic in fl ammation stimulates of neovascularization. The aim of this study was to 
evaluate the effect of sera from interstitial lung diseases (ILD) patients on angiogenic capabilities 
of different subsets of mononuclear cells. Serum samples were obtained from 22 patients with sarcoidosis, 
20 with hypersensitivity pneumonitis, 20 with idiopathic pulmonary  fi brosis, 9 with systemic sclerosis, 
6 with pulmonary Langerhans cells histiocytosis, and from 20 healthy volunteers. Animal model 
of leukocyte induced angiogenesis assay was used as an angiogenic test. The pattern of angiogenic 
reaction was different in different diseases. Sera from systemic sclerosis and pulmonary Langerhans 
cells histiocytosis patients exerted inhibitory effects on angiogenesis, but sera from sarcoidosis, 
hypersensitivity pneumonitis, and idiopathic pulmonary  fi brosis patients stimulated angiogenesis. 
Sera from sarcoidosis and pulmonary Langerhans cells histiocytosis primed monocytes for the 
production of angiogenic factors. The number of microvessels created after incubation of mononuclear 
cells depleted of monocytes with sera from systemic sclerosis patients signi fi cantly decreased. We 
conclude that the role of monocytes in the modulation of angiogenesis varies depending on the type 
of ILD. Sera from sarcoidosis stimulate and from pulmonary Langerhans cells histiocytosis patients 
inhibit neovascularization induced by monocyte mediators. Sera from systemic sclerosis inhibit 
angiogenesis induced by lymphocyte products.  

  Keywords   Angiogenesis  •  Chronic in fl ammation  •  Interstitial lung disease  •  Lymphocytes  •  Monocytes    
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    18.1   Introduction 

 The growth of new blood vessels is possible through vasculogenesis (the mobilization of bone 
marrow-derived endothelial stem cells) or angiogenesis (direct proliferation of endothelial cells) 
(Carmeliet and Jain  2000 ; Semenza  2007 ;    Hirshoren et al.  2010  ) . A difference between physiological 
and pathological angiogenesis is that the latter is often induced by in fl ammation (Lingen  2001  ) . 
Interstitial lung diseases (ILD) are characterized by in fl ammation, cell proliferation, and excessive 
extracellular matrix deposition (Keane and Strieter  2002  ) . An increase in angiogenic activity has 
been demonstrated in the lung tissue of idiopathic pulmonary  fi brosis (IPF) (Keane et al.  1997 ; 
Renzoni et al.  2003  ) . Pro- and anti-angiogenic factors are produced by tumor cells,  fi broblasts, 
endothelial or immunological cells, and also extracellular matrix (Carmeliet and Jain  2000 ; Grif fi oen 
and Molema  2000  ) . Many stimulators of in fl ammation such as interleukin-1 (IL-1), IL-6, IL-8, basic 
 fi broblast growth factor, vascular endothelial growth factor (VEGF), platelet derived growth factor, 
tumor necrosis factor  alpha  (TNF a ) also demonstrate pro-angiogenic properties. On the other side, 
inhibitors of in fl ammation such as IL-10, IL-12, interferon gamma (INF g ), and transforming growth 
factor beta (TGFß) affect adult blood vessel formation (Pepper et al.  1996  ) . Increased expression of 
VEGF (fundamental regulator of angiogenesis) has been demonstrated in sarcoid granulomas and 
alveolar macrophages (Tolnay et al.  1998  ) . Recently, we have described that sera from extrinsic 
allergic alveolitis (Zielonka et al.  2010  )  and other ILD patients (Zielonka et al.  2007  )  constitute a 
source of mediators participating in angiogenesis. The role of angiogenesis in the pathogenesis of 
ILD is unclear. Yet, the understanding of this role could lead to the development of new target drugs. 
The aim of the present study was to evaluate the effect of sera from ILD patients on the angiogenic 
capability of different subsets of human peripheral blood mononuclear cells.  

    18.2   Methods 

    18.2.1   Patients 

 The study was approved by a local Ethics Committee and informed consent was obtained from all 
participants of the study. The examined group consisted of 77 patients with ILD (Table  18.1 ). The 
diagnosis of sarcoidosis (SAR) was made according to ATS/ERS/WASOG standards (Hunninghake 
et al.  1999  ) . On the basis of chest X-rays, 3 patients were classi fi ed in Stage I; 12 in Stage II, and 7 
in Stage III. The diagnosis of idiopathic pulmonary  fi brosis (IPF) was based on American Thoracic 

   Table 18.1    Characteristics of examined groups   

 n 

 Age 

 Female/Male (n) 
 Smokers/
Nonsmokers (n)  Means ± SD 

 PLH  6  35.4 ± 8.3  2/4  6/0 
 SSC  9  50.0 ± 11.3  8/1  0/9 
 HP  20  47.0 ± 14.5  7/13  5/15 
 IPF  20  61.6 ± 12.4  8/12  5/15 
 SAR  22  41.9 ± 11.9  8/14  6/16 
 Healthy volunteers  20  38.7 ± 11.4  8/12  2/18 

   PLH  pulmonary Langerhans cells histiocytosis,  SSC  systemic sclerosis,  HP  hypersensitivity 
pneumonitis,  IPF  idiopathic pulmonary  fi brosis,  SAR  sarcoidosis  
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Society and European Respiratory Society standards (ATS/ERS  2002  ) . The diagnosis of hyper-
sensitivity pneumonitis (HP) – bird fancier’s lung, was based on clinical, radiological and 
serological criteria, bronchoalveolar lavage  fl uid (BALF), and histopathological  fi ndings. 
Systemic sclerosis (SSC) with pulmonary manifestations was diagnosed according to the 
American Rheumatism Association criteria (ARA  1980  ) . The diagnosis of pulmonary Langerhans 
cells histiocytosis (PLH) in all cases was based on a lung biopsy. Blood samples were drawn 
before any treatment was started. Sera from 20 healthy volunteers were used as control.   

    18.2.2   Mononuclear Cell (MNC) Preparation 

 Peripheral blood MNC derived from the buffy-coat cells of healthy blood donors (Central Warsaw 
Blood Bank) were prepared using the gradient technique. Mononuclear cells viability was assessed by 
trypan blue exclusion ( ³ 98%). This method yielded MNC preparation containing 10–15% monocytes 
and 85–90% lymphocytes, based on morphologic criteria and MPO staining. MNC were depleted in 
monocytes by glass adherence and the phagocytosis of iron particles using 15 mg of iron particles per 
10 × 10 6  cells.  

    18.2.3   Angiogenic Test 

 As an angiogenic test, we used a leukocyte induced angiogenesis assay in an animal model (Sidky and 
Auerbach  1975  )  with some modi fi cations (Zielonka et al.  2010  ) . Animal handling in all the experi-
ments conformed to the Polish legal requirements for the protection of animals and to NIH standards. 
Lymphocytes or MNC were incubated under identical conditions in PBS supplemented with 25% of 
the same serum from ILD patients. As control, we used MNC or lymphocytes incubated in PBS 
supplemented with 25% of serum from health donors or PBS only. After 1 h of incubation, MNC and 
or lymphocytes were washed and suspended in Parker medium (5 × 10 6  cells/ml). Inbred 8–10-weeks 
old female BALB/c anesthetized mice were injected intradermally with these cells. After 72 h, newly 
formed blood vessels localized to the inner surface of the skin of each mouse were counted using a 
microscope (Nikon, Japan) at 6x magni fi cation. The result was evaluated blindly by the same person 
based on the previously described criteria (Sidky and Auerbach  1975  ) .  

    18.2.4   Statistical Analysis 

 Results were expressed as means ± SD of microvessels. A  t -test for independent samples was used to 
determine differences between groups. P < 0.05 was used to indicate statistical signi fi cance. Analysis 
was performed using the Statistica 6 for Windows package.   

    18.3   Results 

 The effects on angiogenesis of sera obtained from the patients with different ILD are presented in 
Fig.  18.1 . The HP, SAR, and IPF patients’ sera stimulated angiogenesis compared with the sera from 
healthy volunteers. However, normal sera also exerted a stimulatory effect on angiogenesis compared 
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with PBS. The PLH and SSC patients’ sera strongly decreased the angiogenic capability of 
MNC compared with PBS. The number of microvessels created after incubation of lymphocytes 
with the PLH patients’ sera was higher compared with that found with the full MNC suspension 
incubation. However, the situation was the reverse when lymphocytes were incubated with the SSC 
patients’ sera; here the number of microvessels was signi fi cantly higher with the full MNC 
suspension. The angiogenic effects of the HP and IPF patients’ sera were similar for both MNC and 
lymphocytes. The number of microvessels created after injection of lymphocytes incubated with the 
SAR patients’ sera was signi fi cantly lower compared with that after injection of full MNC suspension 
incubated with the same sera. Finally, the number of microvessels created after injection of lympho-
cytes incubated with the healthy volunteers’ sera or just in PBS was higher compared with that after 
injection of full MNC suspension (Fig.  18.1 ).   

    18.4   Discussion 

 Recently, we have more evidence of the role that angiogenesis plays in the pathogenesis of ILD 
(Renzoni et al.  2003 ; Zielonka et al.  2010 ; Antoniou et al.  2006 ; Navarro et al.  2003  ) . The possible 
role of alveolar neovascularization in the regeneration of alveolar septa in IPF is discussed as a 
signi fi cant increase in alveolar capillaries in non- fi brotic lesions, and a decrease in  fi brotic lesions 
(Ebina et al.  2004  ) . Although angiogenesis is not mentioned in the pathogenesis of disease by the 
ATS/ERS/WASOG statement on sarcoidosis, many observations suggest the important role of 
angiogenesis (Tolnay et al.  1998 ; Antoniou et al.  2006 ; Meyer et al.  1989  ) . 

 Particular attention is paid to the mediators of angiogenesis and their receptors in both patho-
logical changes and in the blood. (Keane et al.  1997 ; Pepper et al.  1996 ; Zielonka et al.  2007 ; Navarro 
et al.  2003 ; Simler et al.  2004  ) . Increased angiogenic activity in lung tissue of IPF provoked by 
pro- and anti-angiogenic CXC chemokine imbalance has been demonstrated (Keane et al.  1997  ) . 
Simler et al.  (  2004  )  have shown that patients with IPF have signi fi cantly higher baseline plasma 

  Fig. 18.1     Number of microvessels  after injection of full mononuclear cell suspension or lymphocytes incubated with 
sera from patients with various interstitial lung diseases.  PLH  pulmonary Langerhans cells histiocytosis,  SSC  systemic 
sclerosis,  HP  hypersensitivity pneumonitis,  IPF  idiopathic pulmonary  fi brosis,  SAR  sarcoidosis,  PBS  phosphate buffer 
solution; *p < 0.05, **p < 0.01, ***p < 0.001       
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concentrations of IL-8 and endothelin-1, but not of VEGF, compared with healthy controls. Navarro 
et al.  (  2003  )  have demonstrated a signi fi cant increase in the VEGF in HP patients’ serum and in 
BAL  fl uid in relation to healthy subjects. Previously, we have demonstrated a correlation between 
the angiogenic activity of ILD patients’ sera and TNF a  serum concentration, but we did not observe 
the relationship with IL-6, IL-8, or IL-12 (Zielonka et al.  2007  ) . 

 Much less is known about the role of cells involved in angiogenesis of ILD patients. Interstitial 
lung diseases are a heterogeneous group of disorders dependant on different mechanisms, 
cells, and mediators. In sarcoidosis and hypersensitivity pneumonitis, lymphocytes play a central 
role (Hunninghake et al.  1999  ) . However in IPF, neutrophils are more important (ATS/ERS  2002 ). 
Previously, we have demonstrated that sera from ILD patients constitute a source of mediators 
modulating angiogenesis (Zielonka et al.  2007,   2010  ) . The present study demonstrated different 
roles of monocytes and lymphocytes in the modulation of angiogenesis under the in fl uence of 
mediators in the serum of patients with various forms of ILD. Removal of monocytes from MNC 
resulted in signi fi cant changes, especially in patients with sarcoidosis and histiocytosis. MNC 
strongly stimulated vascularization under the in fl uence of mediators in the serum of patients with 
sarcoidosis, in comparison with sera from healthy individuals or with PBS. The sera of patients with 
PLH signi fi cantly inhibited this process. Sera of patients with sarcoidosis and PHL, with MNC 
depleted of monocytes, in fl uenced the process of neovascularization in the same manner as incubation 
with PBS. That indicates a crucial role of monocytes in angiogenesis in sarcoidosis and in PLH. 

 Proangiogenic factors in sera from sarcoidosis patients modulate neovascularization evidently 
through monocytes. This has been con fi rmed by previous studies of Meyer et al.  (  1989  ) , who 
demonstrated an increase in the angiogenesis-inducing ability of the activated alveolar macrophages 
in BALF specimens obtained from sarcoidosis patients. Okabe and Takaku  (  1986  )  identi fi ed in a 
culture of macrophages from sarcoidosis patients, a factor stimulating the proliferation of vascular 
endothelial cells. Tests using the  in situ  hybridisation and immunohistochemistry of lung cross-
sections in sarcoidosis patients provided evidence of increased expression of mRNA for VEGF 
in lung macrophages (Tolnay et al.  1998  ) . We demonstrated that there are angiogenesis inhibitory 
factors in the sera of adult patients with PLH, which monocyte-related. 

 The role of angiogenesis in PLH has not yet been determined. The pathological picture in PLH 
con fi rms only vasculitis, with no excessive vascularization, and destructive lesions of a cystic type, 
accompanied by poorer vascularization (Kambouchner et al.  2002  ) . Interestingly, sera exerted an 
inhibitory effect when macrophages were present. A high macrophage count in BALF patients with 
PLH is a common, but nonspeci fi c  fi nding, which merely re fl ects exposure to tobacco (Uebelhoer 
et al.  1995  ) . An increase in oxygen radical release and  fi bronectin production leads to tissue 
injury and increased  fi brosing capacity of alveolar macrophages in PLH (Uebelhoer et al.  1995  ) .

Contrary to sera of patients with sarcoidosis, sera of healthy individuals stimulated angiogenesis 
mainly through lymphocytes. Removal of monocytes from MNC resulted in a signi fi cant increase in 
the number of newly formed vessels under the in fl uence of lymphocytes incubated either with control 
sera, or with PBS. Lymphocytes incubated with the serum of patients with IPF or HP stimulated 
angiogenesis to a similar extent as the MNC incubated with the same sera. Although sera of patients 
with sarcoidosis, IPF, and HP exhibited proangiogenic activity, the effects were mediated by differ-
ent cells. Unlike in sarcoidosis, IPF patient’s sera exerted its angiogenic effect not only through 
monocytes, which may be linked to a distinct pro fi le of cytokines and cells participating in this pro-
cess in IPF patients (Antoniou et al.  2006  ) . Whereas in the pathogenesis of sarcoidosis macrophages 
play a key role, in IPF the most signi fi cant role is attributed to neutrophils and  fi broblasts (Lynch 
et al.  1992  ) . Keane et al.  (  1997,   2001  )  have demonstrated that angiogenic members of the CXC 
chemokine family, such as IL-8 and epithelial neutrophil activating protein ENA-78, increase the 
expression in  fi brotic lung tissue compared with the angiostatic chemokines. In HP, the pathogenesis 
is more complex and depends upon the disease activity and exposure to an allergen leading to the 
formation of granulomas within the lung (Girard et al.  2004  ) . Granulomatous in fl ammation also is 
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observed in sarcoidosis (Hunninghake et al.  1999  ) . However, the clinical course of both diseases 
varies. In the presented model, sera of HP patients showed the strongest proangiogenic effect. 
Navarro et al.  (  2003  )  have demonstrated a signi fi cant increase in the VEGF in HP patients’ serum 
and in BALF in relation to healthy subjects. Although the sera of patients with sarcoidosis and HP 
stimulate angiogenesis, different cells participate in the process. 

 In contrast to all other groups, lymphocytes of healthy donors incubated with sera from patients 
with SSC strongly inhibited vascular angiogenesis compared with MNC incubated with sera 
from the same patients. Functional and structural vascular disorders constitute an important 
element in the course of progressive SSC (Herrick  2000  ) . Previous works have demonstrated 
increased serum angiogenic activity in a limited form of the disease. In systemic forms, however, 
serum angiogenic activity was weaker than in healthy controls (Majewski et al.  1985  ) . The 
imbalanced expression of VEGF and its vascular receptors is in part due to insuf fi cient local 
production of VEGF; too low compared with VEGF receptor expression and is responsible for 
angiogenesis failure in SSC (Mackiewicz et al.  2002  ) . The angiogenic effects of VEGF also may 
be inhibited by a concomitant increase of angiostatic factors. Endostatin has been characterized 
as a potent inhibitor of VEGF-induced angiogenesis (Yamaguchi et al.  1999  ) . The angioinhibi-
tory effect is more pronounced following depletion of monocytes from MNC, which suggests 
that lymphocytes incubated with sera from SSC patients are responsible for the inhibition, 
contrary to the situation observed in other ILD. 

 Interstitial lung diseases represent a diverse group of diseases with different etiology and patho-
genesis. Growing evidence indicates the role of angiogenesis in the pathogenesis of these diseases both 
in in fl ammatory and  fi brotic changes in the lungs. The role of neovascularization in ILD seems variable. 
This may depend on both type and severity of disease. Angiogenesis in ILD is a complex process that 
depends on many factors, both inhibitory and stimulatory. The presented results demonstrate that the 
serum factors affect angiogenesis by various cells, which underscores the diversity of angiogenesis 
modulating mechanisms and a limited understanding of the process. Normalization of angiogenesis in 
ILD could provide a future therapeutic target.      
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  Abstract   Although scleroderma is generally considered a  fi brosing disease, it is now recognized that 
the underlying vascular pathology is playing a fundamental role in its pathogenesis. The present study 
was aimed at testing the prevalence of anti-endothelial cell antibodies (AECA) in systemic sclero-
derma (SSc) patients with and without pulmonary hypertension (PH) and in relation to the presence 
of pulmonary  fi brosis. Fifty four SSc patients (50 females and 4 male, mean age 55.7 ± 16.3 years) 
were prospectively screened. All patients underwent transthoracic echocardiography with the estima-
tion of pulmonary artery pressure (PAP) and tricuspid regurgitant peak gradient (TRPG). All patients 
suspected to have pulmonary hypertension were referred for right heart catheterization. Restrictive 
lung disease was con fi rmed by HRCT. A healthy control group included (n = 27; 7 men and 20 women, 
mean age 49.8 ± 12.1 years). The study of AECA was performed using the indirect immuno fl uorescence 
method on commercially available human umbilical vein endothelial cells. The HRCT scans in 
patients with suspected interstitial lung disease revealed signs of lung  fi brosis in 15 (out of the 36 
examined patients). TRPG at rest of 31 mmHg was demonstrated in 14 (21%) patients. During cardiac 
catheterization, arterial PH was found in two patients. Resting venous PH was found in one patient 
and an excessive post capillary PAP elevation at rest was demonstrated in 11 patients. At the baseline, 
14/54 patients (26%) were positive for AECA. In the control group, the frequency of the antibodies 
was 3/27 (11%). No statistical correlation between antibody titter and the presentation of the disease 
existed. AECA were highly prevalent in a subgroup of patients suffering from interstitial pulmonary 
 fi brosis. Out of the 15 patients suffering from lung  fi brosis, 7 were AECA positive. The presence of 
AECA correlated very well with antinuclear antibodies (ANA), but was not related to the pro fi le of 
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ANA. Our  fi ndings support evidence that endothelial cell damage is involved in SSc, as there was 
increased prevalence of circulating AECA of the IgG isotype in SSc patients. AECA may also be 
related to the complications of SSc, like pulmonary  fi brosis.  

  Keywords   Anti-endothelial cell antibodies  •  Interstitial lung disease  •  Pulmonary  fi brosis  •  Pulmonary 
hypertension  •  Systemic scleroderma    

    19.1   Introduction 

 Systemic sclerosis (scleroderma – SSc) is characterized by prominent  fi brosis in the affected organs. 
Concomitant vascular involvement also plays a role in the course of the disease (Wigley  2009  ) . The 
pathogenesis of scleroderma vasculopathy is largely unknown, although endothelial cell (EC) 
injuries induced by infections, cytotoxicity, antiendothelial antibodies, and ischemia-reperfusion 
have been implicated (Müller-Ladner et al.  2009  ) . SSc patients have signi fi cantly fewer and func-
tionally impaired endothelial progenitor cells in peripheral blood and bone marrow. In addition, 
endothelial apoptosis seems to play a primary role in the pathogenesis of vascular damage (Del Papa 
et al.  2010 ; Zielonka et al.  2010  ) . Injured EC from SSc patients produce a large array of biomarkers 
of vascular damage that re fl ect disease activity and may predict clinical outcome, including von 
Willebrand factor, endothelin-1, soluble adhesion molecules, thrombomodulin, circulating 
endothelial cells, anti-endothelial cell antibodies (AECA), serum vascular endothelial growth factor, 
endostatin, prostacyclin and thromboxane metabolites (Wigley  2009  ) . A complex interaction 
between endothelial cells, smooth muscle cells, extracellular matrix, and circulating factors is now 
recognized to contribute to the vascular reactivity, remodelling and occlusive disease of SSc and may 
lead to severe complications including nailfold capillaries, telangiectases, Raynaud phenomenon, 
scleroderma renal crisis and pulmonary hypertension (Wigley  2009 ; Nagai et al.  2007 ; Maricq et al. 
 1976  ) . The clinical consequences of the scleroderma vascular disease are associated with severe 
organ dysfunction, signi fi cant morbidity and mortality (Wigley  2009  ) . Understanding the mecha-
nisms underlying these processes may provide a rationale of novel prophylactic and therapeutic 
strategies and targeted therapy. 

 Circulating AECA have been de fi ned as autoantibodies targeting EC and have been implicated in 
the pathogenesis of endothelial injury. AECA have been described in autoimmune and in fl ammatory 
conditions and play a pathogenic role in the development of these diseases (Servettaz et al.  2008 ; 
Katritsis et al.  2010 ; Mihai and Tervaert  2010 ; Wigley  2009  ) . AECA have also been described in 
systemic vasculitis – a heterogeneous group of diseases characterized by the presence of in fl ammatory 
lesions within the vessel wall (Guilpain and Mouthon  2008  ) . EACA may be also responsible for 
acute rejection of transplanted organs due to rapid vascular obliteration in the graft (Grandtnerova 
et al.  2008  ) . 

 Endothelial cells express several clinically relevant non-HLA antigenic determinants. AECA 
target antigens include a wide range of extracellular matrix proteins and molecules that adhere to EC, 
such as DNA in systemic lupus erythematosus beta2-glycoprotein I, or phospholipids in anti-phos-
pholipid syndrome (Wigley  2009  ) . AECA target antigens may also correspond to the wide-spread 
proteins known to be targets of common disease-associated autoantibodies. For example, IgG EACA 
from patients with diffuse SSc is bound to a 100-kDa protein band in extracts of human umbilical vein 
EC (HUVEC) identi fi ed as DNA topoisomerase-1, whereas IgG AECA from patients with limited 
cutaneous SSc is bound to centromeric protein-B (Wigley  2009  ) . 

 AECA have also been detected in healthy individuals (Servettaz et al.  2008  ) . By using a proteomic 
approach combining two-dimensional electrophoresis and immunoblotting using HUVEC as a source 
of self antigens, it has recently been reported that IgG from healthy individuals recognized a restricted 
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set of highly conserved ubiquitous proteins playing key roles in cell biology and maintenance of 
homeostasis including cytoskeletal proteins ( b  actin,  a  tubulin and vimentin), glycolytic enzymes 
and other (Papadopoulos et al.  2006  ) . Thus, the repertoire of AECA is heterogeneous and may also 
depend on the disease entity. 

 AECA has also been described in sera from SSc patients, but the AECA role in the pathogenesis 
of SSc and its vascular complications remains largely unknown (Del Papa et al.  2010 ; Servettaz et al. 
 2008 ; Norton and Nardo  1970  ) . The present study was aimed at testing the prevalence of AECA in 
patients with diffuse and limited SSc, with and without pulmonary hypertension and in relation to the 
presence of pulmonary  fi brosis.  

    19.2   Methods 

    19.2.1   Patients 

 The study was approved by the Ethics Committee of Warsaw Medical University, Warsaw, Poland, 
and all patients and volunteers gave written informed consent. We prospectively screened 54 SSc 
patients (50 females and 4 males, mean age 55.7 ± 16.3 years) referred from the Dermatology Clinic 
at Medical University of Warsaw, Poland, in order to determine if they had evidence of pulmonary 
hypertension (PH) or restrictive lung disease. All patients were diagnosed with SSc according to the 
guidelines given by the Subcommittee for Scleroderma Criteria of the American Rheumatism 
Association Diagnostic and Therapeutic Criteria Committee  (  1980  ) . Subjects received standard medical 
care for SSc. All patients underwent transthoracic echocardiography with estimation of pulmonary 
artery pressure (PAP) and tricuspid regurgitant peak gradient (TRPG). The PH was suspected when 
TRPG at rest was >31 mmHg. All patients suspected to have pulmonary hypertension were referred 
for right heart catheterization at rest and during exercise. 

 Restrictive lung disease was assessed by a combination of resting pulmonary function tests 
(PFT) by chest X-ray (CXR), and by high-resolution computed tomography (HRCT). An HRCT 
was performed if there were abnormalities in PFTs or CXR.  

    19.2.2   Screening of AECA Antibodies 

 Blood samples were collected by venipuncture. Sera were kept frozen at −80°C until use. The study 
of AECA was performed using the indirect immuno fl uorescence method on commercially available 
human umbilical vein endothelial cells (HUVEC; Euroimmun, Lübeck, Germany). This test detects 
autoantibodies against cytoskeletal  fi bers on HUVEC. Bound antibodies were detected with a second-
ary  fl uoresceinated antibody against human immunoglobulin G. After being washed, slides were 
read on  fl uorescence microscope. A cut-off was set at 1/10 dilution. The presence of AECA was 
performed at baseline and reassessed after 1 year of follow-up. Antinuclear antibodies (ANA) were 
detected using indirect immuno fl uorescence. Anticardiolipin antibodies were detected using ELISA 
assay. To establish the frequency of AECA in normal individuals, a healthy control group was also 
included (n = 27; 7 men and 20 women, mean age 49.8 ± 12.1 years). Both SSc and control groups 
included subjects with mild primary hypertension. 

 To compare distributions, the  c  2  test and Mann–Whitney  U  test were performed for qualitative 
and quantitative variables, respectively. Statistica 6.0 was used as software. p < 0.05 was considered 
signi fi cant.   
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    19.3   Results 

 The examined group included 30 (55%) patients with diffuse SSc and 24 (45%) patients with limited 
SSc. The available HRCT scans in patients with suspected interstitial lung disease revealed signs of 
lung  fi brosis in 15 out of the 36 examined patients. TRPG at rest >31 mmHg was demonstrated in 14 
(21%) patients. During cardiac catheterization arterial PH was found in two patients and an excessive 
precapillary PAP was elevation in two patients. Resting venous PH was found in one patient and an 
excessive postcapillary PAP elevation at rest was demonstrated in 11 patients. 

 At baseline, 14/54 patients (26%) and 3/27 (11%) control subjects were positive for AECA; the 
difference between the two groups was signi fi cant (p < 001). The presence of AECA in SSc patients 
was very stable. None of the negative patients at the baseline was positive after 1-year observation 
time and only in two cases the antibodies disappeared. The frequency of AECA in the subgroups of 
SSc patients is presented in Table  19.1 . No statistical correlation between antibody titter and the 
presentation of the disease existed. Positive and negative AECA groups did not differ in terms of age, 
gender, primary hypertension and immunosupression treatment.  

 The presence of AECA correlated well with the antinuclear antibodies (ANA). None of the sera 
negative for ANA gave a positive staining with different cytoskeletal  fi bers on HUVEC. The relation 
between the frequency of AECA and the auto-antibodies characteristic for SSc is presented in 
Table  19.1 . The differences in the prevalence of AECA between the patients positive for any SSc 
related antibodies were not statistically signi fi cant. 

   Table 19.1    Prevalence of anti-endothelial cell antibodies (AECA) in control subjects and SSc patients   

 AECA (%)  Statistical signi fi cance 

 Control group (n = 27)   3 (11%) 
 SSc all patients (n = 54)  14 (26%)  Control group  vs.  all SSc patients; p < 0.01 
 SSc limited (n = 24)   4 (17%) 
 SSc diffuse (n = 30)  10 (33%)  Limited  vs.  diffuse SSc; p < 0.05 
 SSc70 antibodies – DNA-topoisomerase 

I antibodies positive (n = 25) 
  8 (32%) 

 SSc70 antibodies – DNA-topoisomerase 
I antibodies negative (n = 15) 

  6 (40%)  SSc 70 positive  vs.  SSc 70 negative; NS 

 ACA – anti-centromere antibodies 
positive (n = 18) 

  4 (22%) 

 ACA – anti-centromere antibodies 
negative (n = 26) 

 10 (38%)  ACA positive  vs.  ACA negative; NS 

  Fig. 19.1     Frequency 
of antiendothelial cell 
antibodies  ( AECA ) 
in systemic sclerodermia 
( SSc ) patients with and 
without pulmonary  fi brosis 
con fi rmed by HRCT 
examination       
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 Interestingly, only one of the patients with TRPG above 31 mmHg was positive for AECA. This 
was a patient with pulmonary arterial hypertension con fi rmed by the right heart catheterization. AECA 
were highly prevalent in patients suffering from interstitial pulmonary  fi brosis con fi rmed by HRCT. 
Out of the 15 patients suffering from lung  fi brosis, 7 were AECA positive. In contrast, only 1 out of 
the 21 patients without radiographic signs of  fi brosis was AECA positive (Fig.  19.1 ).   

    19.4   Discussion 

 It is known that the EC layer of microvessels is activated early in the course of SSc, leading to EC 
dysfunction, overexpression of adhesion molecules, and activation of coagulation system and in fl ux 
of a perivascular in fi ltrate (Norton and Nardo  1970 ; Guiducci et al.  2007 ; Hummers  2008 ; Konttinen 
et al.  2003  ) . Moreover EC in SSc patients undergo premature apoptosis. These events are accompa-
nied by oxidative stress and increased production of proin fl ammatory mediators and growth factors 
stimulating the appearance of myo fi broblast in the vessel wall that synthesize a thickened intima 
layer. All these events contribute to luminal narrowing and extravascular  fi brosis (Wigley  2009  ) . 
Circulating progenitor cells fail to restore normal vasculogenesis. The mechanism of the endothelial 
injury is unknown, but there is evidence that apoptosis induced by antiendothelial antibodies may play 
a role in scleroderma vascular disease (Del Papa et al.  2010 ; Wigley  2009  ) . In the present study we 
showed a high prevalence of the circulating AECA antibodies of IgG isotype detected by indirect 
immuno fl uorescence on HUVEC cells in different clinical forms of SSc. On the other hand, around 
three fourth of our SSc patients did not produce antibodies against different cytoskeletal  fi bers of 
HUVEC. This observation is consistent with the reports of other authors, suggesting that IgG antibod-
ies reacting with endothelial cells may be important in the pathogenesis of the disease (Del Papa et al. 
 2010 ; Wigley  2009  ) . The identity of the antigens targeted by AECA is unknown, however they may 
react with actin, vimentin, tubulin, calreticulin and other structural proteins of the cell. Moreover, 
target antigens of AECA include heparan sulfate or even non-constitutive proteins like DNA/histone 
complexes in SLE, and proteinase 3 in Wegener’s granulomatosis (Belizna and Tervaert  1997  ) . The 
binding of various plasma components to the EC membrane has also been suggested. Once attached 
to EC, these plasma components might focus the related autoantibodies to the cell membrane (Revélen 
et al.  2002  ) . Western blotting techniques, however, have revealed considerable discrepancies. 
Incubation of AECA-positive sera from SLE patients with HUVEC precipitated 19 proteins ranging 
from 15 to 200 kD (Révélen et al.  2002  ) . In the present study we concentrated on autoantibodies 
directed against EC structural proteins but not proteins attached to EC. There is a wide variation in the 
results obtained by other authors likely stemming from different detection methods. It is therefore 
worthwhile to establish a reliable assay for the detection of AECA. Indirect IF is a sensitive technique. 
However, it is not suitable to detect autoantibodies against non-constitutive proteins of EC. The prob-
lem of the target autoantigens remains also an open issue. In fact, given the impressive diversity of 
conditions associated with AECA, they represent a heterogenous family and raise a number of ques-
tions. Based on the use of new technologies, such as proteomic approach and two-dimensional elec-
trophoresis, accurate data should be generated in the near future (Servettaz et al.  2008  ) . 

 It is not clear whether AECA antibodies represent a primary mechanism inducing endothelial cell 
damage or if they are a consequence of cell injury and death. The speci fi c pathogenic role of these 
antiendothelial cell antibodies in scleroderma remains unclear; they can be seen in other diseases with 
vascular involvement and sometimes in healthy individuals (Del Papa et al.  2010 ;    Servettaz et al. 
 2008 ; Katritsis et al.  2010  ) . We were able to detect AECA in three subjects out of our control group. 
This observation con fi rms that the role of AECA in the pathogenesis of SSc or other autoimmune 
diseases is not straightforward. On the other hand AECA in sera of examined patients highly corre-
lated with other autoantibodies, especially ANA of different speci fi city, but the prevalence of AECA 



152 K. Lewandowska et al.

was not related to any particular autoantibody pro fi le. Other authors have found association between 
AECA and autoantibodies in a number of connective tissue diseases. For example antiendothelial 
antibodies together with C1q-binding immune complexes and anticardiolipin antibodies were found 
in 18 of 28 scleroderma patients (Wigley  2009  ) . However, as for AECA, for most of these antibodies, 
their role in pathogenesis is not established. Anti-centromere antibodies are associated with limited 
cutaneous involvement and risk for pulmonary hypertension, whereas anti-topoisomerase I is associ-
ated with diffuse progressive disease and severe interstitial lung disease but their clear role in the 
pathogenesis of the disease is rather obscure (Wigley  2009  ) . 

 Several studies found a correlation between the presence of AECA in SSc and clinical vascular 
disease, including severe digital ischemia, pulmonary arterial hypertension, abnormal nailfold capil-
laries, and microvascular disease associated with pulmonary  fi brosis (Del Papa et al.  2010 ; Wigley 
 2009 ; Salerni et al.  1977  ) . We were able to con fi rm only the last mentioned association. Surprisingly, 
we observed a very low prevalence (only in one patient) of these antibodies in pulmonary hyperten-
sion. On the other hand, we found only two cases of pulmonary arterial hypertension and in the 
remaining cases venous pulmonary hypertension was diagnosed. Vasculopathy in the course of SSc is 
usually limited to small arteries and microcirculation, less is known about possible involvement of 
venous part of the circulation (Ciurzynski et al.  2011  ) . We can conclude that the pathogenesis of 
venous pulmonary hypertension is probably unrelated to AECA-mediated endothelial damage. We 
were able to  fi nd a correlation between the presence of AECA and the occurrence of pulmonary 
 fi brosis. Pulmonary  fi brosis represents a severe complication of the disease. AECA may trigger an 
in fl ammatory process  via  complement- or antibody-dependent cellular cytotoxicity (Magro et al. 
 2006 ; Yoshio  2001  ) , but also by the induction of EC apoptosis and necrosis (Wigley  2009  ) . 

 Apoptosis of endothelial cells induced by AECA is reported to trigger the release of  fi brogenic 
mediators (Wigley  2009  ) ; thus linking antibody-induced apoptosis and tissue  fi brosis. This hypothesis 
is consistent with our observations. Ahmed et al.  (  2006  )  have demonstrated that human sera from 
patients with SSc contain AECA able to induce apoptosis of EC. Pulmonary  fi brosis is likely to be 
secondary to the associated small-vessel disease (Orfanos et al.  2001  ) . Despite having distinct etio-
logical and clinical manifestations, most chronic  fi brotic disorders are characterized by substantial 
vascular remodelling which often occurs prior to the development of  fi brosis (Abraham and Varga 
 2005  ) . Apoptosis of endothelial cells induced by AECA is reported to trigger the release of  fi brogenic 
mediators (Wigley  2009  ) . 

 Although scleroderma is generally considered a  fi brosing disease of tissues, it is now recognized 
that the underlying vascular disease is playing a fundamental role in its pathogenesis. Both processes 
are closely connected. Our  fi ndings support the evidence that an autoimmune component associated 
with endothelial cell damage is involved in SSc, as there is an increased prevalence of circulating 
AECA of the IgG isotype in SSc patients. AECA represent a heterogenous group of antibodies directed 
against a variety of antigenic determinants on EC. Induction of EC apoptosis is one of the mechanisms 
by which AECA may be pathogenic. The detection of these antibodies may be valuable tool to moni-
tor disease activity. Further characterization of putative antigens is needed to better understand their 
pathophysiological role.      

   Con fl icts of interest    : The authors declare no con fl icts of interest in relation to this article.  
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  Abstract   Ob-R receptor is encoded by  db  gene and belongs to class I cytokine receptors family. Its 
expression was observed in hematopoietic CD34+ stem cells, erythropoietic, myeloid and lympho-
blastic lineages cell lines and in human leukemic blast cells in lymphomas, acute myeloid leukemia 
(AML), acute lymphoblastic leukemia (ALL), and chronic myeloid leukemia (CML). The studies on 
human bone marrow cells show that JAK/STAT pathway plays a substantial role in signal transduction 
in young bone marrow cells. The aim of the study was to examine the relationship between leptin 
receptor expression and the proliferation of neoplastic hematopoietic cells in bone marrow. The study 
was performed in a total of 57 children of both sexes aged 3 months to 16 years. A group of 46 patients 
with acute leukemia involved 25 children with ALLB, 11 children with ALLT and 10 children with 
ANNL. The control group consisted of 11 non-obese children with non-malignant hematological 
disturbances. The tests were performed on bone marrow samples. The assessments of membrane 
expression of Ob-R and the antigens determining the phenotype of bone marrow cells were performed 
using a  fl ow cytometry method. In acute lymphoblastic leukemia, a signi fi cant decrease of Ob-R 
expression on leukemic blasts was observed in comparison with respective populations of normal 
bone marrow cells. Also in progenitor cells populations a signi fi cant decrease of CD34+Ob-R+w 
ALLT and ALLB was observed in comparison with the cells from normal bone marrow. No statisti-
cally signi fi cant differences in the percentage of Ob-R+ cells in ANNL bone marrow and in control 
bone marrow were observed.  

  Keywords   Leptin receptor  •  Bone marrow  •  Children  •  Lymphoblastic leukemia  •  Myeloid leukemia  
•  Neoplastic hematopoietic cells    

    20.1   Introduction 

 Leptin biological activity strongly depends on its proper interactions with speci fi c Ob-R receptor 
(Sweeney  2002  ) . Ob-R receptor is encoded by  db  gene and belongs to class I cytokine receptors 
family. The products of alternative RNA splicing of  db  gene are expressed in six isoforms (Ahima and 
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Osei  2004  ) . Because of some structure differences, the receptors’ isoforms were divided into three 
classes: long, short and soluble isoform. 

 The major leptin signal transduction pathway through membrane receptors is mediated through 
JAK/STAT pathway. Among all Ob-R isoforms, only full-length isoform, Ob-Rb, exerts the ability to 
fully transduce an activator signal into the cell. A long, fully active isoform Ob-Rb is expressed 
mainly in hypothalamus, where it takes part in energy homeostasis and regulation of secretory organs 
function. It is also present in all types of immune cells, involved in both innate and adaptive immunity 
(Li et al.  2007 ; Martin-Romero et al.  2000 ; Gao et al.  2009  ) . 

 The studies on human bone marrow cells showed that JAK/STAT pathway plays substantial role 
in mediating leptin activity on immune system cells and signal transduction in young bone marrow 
cells expressing Ob-R receptor. The experiments performed in neoplastic cells of acute and chronic 
leukemias involved the assessment of RNA expression, but not the membrane receptor level. The 
presence of RNA for long and short isoforms of Ob-R has been observed in leukemic myeloblasts, 
whereas in lymphoblasts a low level of RNA for the short isoform has been described. The expres-
sion of RNA for long isoform of the receptor is much more often observed in primary ANLL than 
in secondary ANLL or CML (Konopleva et al.  1999  ) . In CML cells the receptor expression depends 
on clinical stage of the disease and is much higher in immature blasts during blast crisis. It has been 
shown in ANLL that leptin through its receptor stimulates cell proliferation in concert with other 
hematopoietic growth factors, such as IL-1 b , IL-3, IL-6, TNF a , GM-CSF, and SCF (Bruserud et al. 
 2002 ; Konopleva et al.  1999  ) . 

 The aim of the study was to examine the Ob-R receptor expression on malignant blast cells in 
comparison with respective normal cells. The expression of membrane Ob-R receptor on bone marrow 
cells in children with B-cell or T-cell acute lymphoblastic leukemia and with non-lymphoblastic 
leukemia has not been studied before. There are also no observations on changes of Ob-R expression 
in other, not-transformed bone marrow cells.  

    20.2   Methods 

 The protocol of the study was approved by the Ethics Committee of Medical University of Warsaw, 
Poland. The study was performed in a total of 57 children (16 girls and 46 boys) aged 3 months to 
16 years. The control group (age and sex matched) consisted of children referred, due to unexplained 
anemia or thrombocytopenia, to the Department of Pediatrics, Hematology and Oncology, of the 
Medical University of Warsaw, Poland,. This group involved 11 children (three girls and eight boys), 
aged 5 months to 15 years, BMI of 10.5–22.1 kg/m 2 . 

 The group of affected children consisted of patients with acute leukemia. The group involved: 25 
children with ALLB, aged 3 months to 15 years, BMI of 11.7–20.8 kg/m    2  , 11 children with ALLT, 
aged 3–16 years, BMI of 14.1–21.4 kg/m 2 , and 10 children with ANNL aged 2.5–16 years, BMI of 
11.78–22.03 kg/m 2 . There was no difference in BMI between the acute leukemia and control groups. 
The tests were performed in bone marrow collected on heparin. All tests were performed on the day 
of diagnosis. 

 The assessments of membrane expression of Ob-R and determination of bone marrow cells pheno-
type were performed using  fl ow cytometry method (Cytometer FC 500, Beckman Coulter, USA). 
Nucleated bone marrow cells were isolated on density gradient using Histopaque with relative density 
d = 1.077 ± 0.001 g/cm3 and d = 1.115 ± 0.002 g/cm3 (Sigma Aldrich, CO, USA). 

 Membrane expression of Ob-R antigen was analyzed simultaneously with determination of pheno-
type using monoclonal antibodies anti CD2, CD5, CD7, CD4 and CD8 for T cells and anti CD19 and 
CD22 for B-cells. Monocytic cells lineage was recognized using anti CD4 and CD14 antibodies, while 
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granulocytic lineage was identi fi ed with anti CD33 antibody. The assessment of bone marrow cells 
phenotype was performed according to the standard method using monoclonal antibodies manufactured 
by Beckman Coulter. Ob-R receptor was stained according to the indirect immuno fl uorescence method 
using murine monoclonal IgG2A antibody against human leptin receptor manufactured by R&D 
Systems and secondary FITC-conjugated af fi nipure goat anti-mouse IgG manufactured by Jackson 
ImmunoResearch Laboratories, Inc. All tests were accompanied with suitable isotype controls. 

 Statistical analysis was performed using Statistica v. 7.1 and Excel 2007 (Microsoft) software. As 
the distributions of the parameters studied were not normal, nonparametric tests for independent sam-
ples were performed. The results were shown for median values (Q 

1
 -  fi rst quartile, Q 

3
 - third quartile). 

The Mann-Whitney U test was used for the intergroup differences. A value of p  <  0.05 was considered 
statistically signi fi cant.  

    20.3   Results 

 The percentage of bone marrow subpopulations of cells expressing Ob-R receptor in children with acute 
leukemia and in the control group are shown in Table  20.1 . In the bone marrow from children with ALLT 
and ALLB a signi fi cantly smaller number of T and B blasts expressed Ob-R in comparison with T and 
B-cells in the normal bone marrow. A signi fi cant difference in Ob-R expression was observed mainly in 
the T CD8+ subpopulation. The percentages of T CD4+Ob-R+ normal bone marrow cells and 
CD4+Ob-R+ blasts from ALLT were comparable (Fig.  20.1 ). No signi fi cant differences between the 
control bone marrow and CD14+CD4+Ob-R+ and CD33+Ob-R+ blasts expression were observed.   

 Analysis of the populations of progenitor cells has shown a signi fi cant decrease in CD34+Ob-R+ 
in children with ALLB and ALLT in comparison with the cells from the control bone marrow. No 
statistically signi fi cant differences between the number of CD34+Ob-R+ blasts in ANLL and the 
number of respective cells in the normal bone marrow expressing Ob-R+ were observed (Fig.  20.2 ).   

   Table 20.1     C omparison of the percentage of Ob-R expressing cells in acute leukemias – ALLT, ALLB, ANLL with 
that in control bone marrow cells   

 Population of cells  Antigen 

 Control cells (%)  ALLB (%)  ALLT (%)  ANNL (%) 

 median (Q 
1
 , Q 

3
 ) 

(n = 11) 
 median (Q 

1
 , Q 

3
 ) 

(n = 25) 
 median (Q 

1
 , Q 

3
 ) 

(n = 11) 
 median (Q 

1
 , Q 

3
 ) 

(n = 10) 

 Whole population 
Ob-R+ 

 43.9 (38.8–51.7)  2.8 (2.3–4.8)  4.8 (3.5–8.0)  64.2 (27.4–98.0) 

  Ob-R (%)    Ob-R (%)    Ob-R (%)    Ob-R (%)  
 T lymphocytes  CD2+  8.0 (3.7–12.7)  2.05 (0.1–3.5) 

 CD5+ 
 CD7+ 
 CD2+  11.9 (7.6–19.4)  5.1 (1.8–16.6) 
 CD4+ 
 CD2+  37.7 (30.3–59.8)  11.2 (3.5–21.6) 
 CD8+ 

 B lymphocytes  CD19+  9.5 (5.7–13.8)  2.7 (1.4–4.0) 
 CD22+ 

 Monocytes  CD14+  90.3 (84.9–94.5)  79.9 (66.9–91.3) 
 CD4+ 

 Granulocytes  CD33+  75.8 (62.8–86.4)  72.6 (60.2–98.9) 
 Progenitor cells  CD34+  51.5 (46.5–65.1)  2.8 (1.2–4.4)  9.3 (4.3–32.9)  79.6 (13.3–85.3) 
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    20.4   Discussion 

 The understanding of the relationship between the expression of leptin receptor and malignant prolif-
eration of hematopoietic cells may shed light on the role of leptin and its receptor in the development 
of leukemic processes in children. Numerous authors have observed the expression of leptin receptors 
in hematopoietic CD34+ stem cells, erythropoietic, myeloid and lymphoblastic lineages of cell lines 
and in human leukemic blast cells in lymphomas, AML, ALL and CML (Blanco-Diaz et al.  2007 ; 
Konopleva et al.  1999 ; Mouzaki et al.  2010 ; Shahab et al.  2010  ) . 

 In the present study the number of cells expressing leptin receptor was assessed using  fl ow cytom-
etry with monoclonal anti-ObR antibody. Since till now no publication has described the expression 
of the receptor on cancer and normal cells in children using  fl ow cytometry, our results were com-
pared with the data obtained using RT-PCR to test the mRNA expression in respective bone marrow 
cells populations. 

 In acute lymphoblastic B-cell leukemia, a signi fi cant decrease of the percentage of leptin receptor 
expressing CD19+CD22+ cells in comparison with normal bone marrow cells was observed. Moreover, 
in children with acute lymphoblastic T-cell leukemia a substantial decrease of Ob-R T CD2+ and 
T CD8+ blasts was observed in comparison with the respective control bone marrow cells. In the 
Ob-R+CD4+ cell population, there also was a decrease in Ob-R+lymphoblasts in comparison with 
normal CD4+ lymphocytes, although in this case the difference failed to reach a statistical signi fi cance. 
In both types of lymphoblastic leukemias, there was a signi fi cant decrease in CD34+ cells expressing 
leptin receptor in comparison with the number of CD34+Ob-R+ from the control group (Table  20.1 ). 

 Wex et al.  (  2002  )  have identi fi ed RNA for the leptin receptor in lymphoblasts of 33% of children 
with acute ALLB and ALLT leukemias at the onset of disease. During remission, RNA expression 

  Fig. 20.1     Percentages 
of Ob-R expressing cells 
in B and T lineage  in control 
bone marrow and in ALLT 
and ALLB leukemias       

  Fig. 20.2    P ercentage 
of CD34 + Ob-Rb + blasts  
in control bone marrow and 
in ANLL, ALLT, and ALLB 
leukemias       
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strongly increased and was detected in 71% of these children. Konopleva et al.  (  1999  )  have observed 
the presence of mRNA for the short Ob-R isoform only in lymphoblastic lineage cells in very low 
concentration. The presence of mRNA for the long isoform of the receptor in lymphoblasts was not 
observed. The results described above con fi rm the results presented in our study. 

 The expression of Ob-R short isoform may indicate the impairment in signal transduction in lympho-
blastic leukemia cells, even if bone marrow leptin levels are normal. It is possible that anti-Ob-R mono-
clonal antibody used in our experiments binds an extracellular domain of the short isoform of the receptor. 
Low leptin concentration may be caused by hypoxia which is responsible for HIF-1 a  activation that 
inhibits Ob gene promoter (Wex et al.  2002  ) . The circulating leptin level can also be regulated by binding 
of the hormone to its soluble receptor (Chan et al.  2002 ; Lammert et al.  2001  ) . Increased concentration 
of proin fl ammatory cytokines, especially TNF a , also decreases the level of leptin (Kurzrock  2001 ; 
Laharrague et al.  2000a,   b  ) . Low leptin concentration along with low Ob-R expression in lymphoblasts 
may suggest that leptin and Ob-R do not in fl uence the rate of lymphoblast proliferation. 

 In the present study we found a high percentage of CD14+ CD33+ myeloblastic cells expressing 
Ob-R in ANLL samples. However, the percentage of these cells was comparable with the number of 
respective cells in the normal bone marrow (Table  20.1 ). These results are consistent with those on 
mRNA Ob-R expression reported by others. Nakao et al.  (  1998  )  have identi fi ed the presence of mRNA 
for leptin receptor, without differentiating between isoforms, in leukemic cells obtained from patients 
with ANLL. Konopleva et al.  (  1999  )  have shown a high expression of mRNA for both leptin receptor 
isoforms not only in several leukemic cell lines, but also in the majority of samples from patients with 
ANLL. Other authors have con fi rmed these observations (Tsiotra et al.  2005  ) ,  fi nding a high expres-
sion of both isoforms on cells from ANLL patients. The analysis of Ob-R isoforms expression in 
patients with ANLL suggests that Ob-R may play a role in the pathogenesis of some myeloid leuke-
mia, because both isoforms are present on leukemic blasts from the majority of ANLL patients. 

 The results showed a tendency for an increase in the percentage of CD34+ cells expressing Ob-R 
in ANLL in comparison with normal cells (Fig.  20.2 ). High leptin concentration in bone marrow of 
patients with ANLL may, along with hematopoietic growth factor, stimulate the development of 
leukemic myeloid lineage. It has been shown that leptin, depending on the concentration, stimulates 
proliferation of human myeloid bone marrow cells and human leukemic OCI/AMl2 and MO7e cell 
lines (Gainsford et al.  1996 ; Konopleva et al.  1999 ; Laharrague et al.  2000a,   b  ) . Through the auto-
crine activation of its receptor, leptin may in fl uence proliferation of myeloblasts and decrease their 
apoptosis (Konopleva et al.  1999  ) . 

 The literature shows that expression of a short isoform of Ob-R 
S
  is more common than that of a 

long isoform, both in healthy volunteers and in patients with hematologic diseases. However, in the 
majority of myeloblastic cell lines the expression of a long rather than short isoform is observed 
(Konopleva et al.  1999 ; Tsiotra et al.  2005  ) . The longest Ob-R 

L
  isoform has long, intracellular domain 

containing conservative sequences with motifs necessary to bind signal transduction factors such as 
JAK and STAT family, which are needed for proper signal transduction, whereas short isoforms have 
shortened cytoplasmic domains. The latter, however, have motifs that actively bind JAK on their 
carboxyl-terminus the isoforms and may also take part in transduction of leptin signal, which differs 
from the effects of long isoform activation. Some authors suggest that short isoforms of the receptor 
may modulate the activity of long ones (White et al.  1997 ; Burguera et al.  2000 ; Frűhbeck  2006  ) , 
which may play a signi fi cant role in expression of the receptor in various types of leukemias. 

 Not only do normal hematopoietic but also leukemic cells express functional receptors for various 
cytokines including IL-3, IL-6, GM-CSF, G-CSF, M-CSF, SCF, and thrombopoietin. These 
cytokines are also able to regulate leukemia cell survival, proliferation, and differentiation 
(Hino et al.  2000 ; Mouzaki et al.  2010  ) . Abnormal cytokine and their receptors expression can disturb 
signal transduction in leukemic cells. It has been shown that leptin alone is not able to increase the 
expression of other cytokines receptors (Konopleva et al.  1999  ) . Possibly, pro-in fl ammatory 
cytokines or growth factors, through the interaction with their receptors, modulate leptin receptor 
expression in various types of leukemic cells.  
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    20.5   Conclusions 

    In children with ALLT or ALLB bone marrow lymphoblasts are characterized by lower expression • 
of leptin receptors.  
  Myeloblasts obtained from children with ANLL show slightly higher expression of leptin recep-• 
tors in comparison with cells of normal myeloid lineage.  
  Changes observed in leptin receptor expression in malignant cells do not allow excluding or explicitly • 
determining the role of leptin receptor in the development of acute leukemia in children.         

   Con fl icts of interest    : The authors declare no con fl icts of interest in relation to this article.  
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  Abstract   The cytotoxic T lymphocyte antigen-4 (CTLA-4) (CD152) is a basic negative regulatory 
molecule of T cell activation and its hypo-function is associated with severe lymphoproliferative 
syndrome. The aim of the present study was to evaluate the intracellular and surface expression of 
CTLA-4 on peripheral T cells before and after T cell activation in children with Hashimoto’s thy-
roiditis (HT). Blood samples were obtained from 46 children: 25 with Hashimoto’s thyroiditis and 21 
controls free of autoimmune disease or thyroid disorders. T cell phenotype was evaluated by  fl ow 
cytometry with the use of monoclonal antibodies combination: CD4- FITC/ CD28 -PC5/ CD152 -PE 
and CD8 -FITC/ CD28 -PC5/ CD152 -PE on T cell surface and intracellularly at baseline and after 
48 h of T cell culture with the mitogen 48-PHA. We found that the number of T cells with intracellular 
CD152 expression was comparable in HT patients and controls at baseline and increased after 48-PHA, 
in CD4 subset only, in both patients and controls. However, the increase was more evident in the HT 
patients. The number of T cells with the surface expression of CD152 at baseline was signi fi cantly 
lower in the HT patients than in controls (p  <  0.0002) in non-stimulated CD4+ and CD8+ T cells. 
After 48-PHA, surface CD152 expression in CD4+T cells increased in both groups; the increase was 
greater in controls. In conclusion, impaired function of CTLA-4 in HT patients may depend on the 
imbalance of intracellular/surface expression of CD152 in T cells.  

  Keywords   Children  •  CTLA-4  •  Hashimoto’s thyroiditis  •  Lymphocytes  •  T cell activation    

    21.1   Introduction 

 The cytotoxic T lymphocyte antigen-4 (CTLA-4) (CD152) is a basic negative regulatory molecule of 
T cell activation (Chambers et al.  1996  ) . It is one of the key molecules which provide co-stimulatory 
signal during T cell activation. CD28, another co-stimulatory molecule, and CD152 are homological 
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in about 30% and bind to the same ligands on antigen presenting cells (APC). CD28 is constitutively 
present on naive CD4+ T cells. In contrast, CD152 is rarely expressed on naive CD4+ T cells, but its 
expression increases after T cell receptor (TCR) activation. The mRNA of CTLA-4 is detectable as 
soon as 1 h after TCR activation (Lindsten et al.  1993  ) . The CTLA-4 protein is stored intracellularly 
and appears in detectable amounts 24 h after activation and is still present on the surface of a T cell 
48–72 later (Maszyna et al.  2003  ) . The regulation of the surface expression of CD152 is dependent on 
the reaction between the clathrin-coated pit adaptor protein (AP-2) and the intracellular thyrosine 
motif of CTLA-4 (Chuang et al.  1997 ; Shiratori et al.  1997  ) . The majority of CTLA-4 is stored in 
clathrin-associated complexes and after activation it is relocalized to the surface of a T cell, where it 
becomes an integral part of an immunological synapse (Linsley et al.  1996 ; Darlington et al.  2002 ; 
Egen and Allison  2002  ) . Surface expression of CTLA-4 is dynamically regulated by the process of its 
passing trough the cell membrane into cytoplasm. Alegre et al.  (  1996  )  revealed that the surface 
CTLA-4 after the activation constitutes only 10% of the whole number of the molecules in a T cell 
and the ratio between the surface and intracellular expression is constant. A direct down-regulation of 
TCR activation by CTLA-4 is dependent on the surface located molecules, but in the light of recent 
 fi ndings, CTLA-4 plays also an important role as a modulator of function and maturation of T regula-
tory cells (Treg). In knock-out mice, the loss of CTLA-4 leads to a massive lymphoproliferative syn-
drome (Tivol et al.  1995 ; Waterhouse et al.  1995  ) . Impaired function of CTLA-4 is associated with 
disorders of peripheral autotolerance and autoimmunity in experimental animals and also in humans. 
One of the most frequent organ speci fi c autoimmune diseases in humans is the autoimmune 
Hashimoto’s thyroiditis (HT). Therefore, HT patients constitute an attractive group for the investiga-
tion of T cell function in humans. The aim of the present study was to assess the surface and intracel-
lular expressions of CTLA-4 in T cells isolated from peripheral blood of children with HT at baseline 
and after  in vitro  T cells activation and to compare it with those in healthy controls.  

    21.2   Methods 

 The protocol of the study was approved by the Bioethics Committee of Medical University of Warsaw, 
Poland. Parents of the patients signed informed consent for the participation in the study. 

 Blood samples were obtained from 46 children: 25 with HT of the mean age of 14.9 ± 2.3 years and 
21 age-matched controls. HT was diagnosed on the basis of the presence of high levels of anti-thyroid 
antibodies: anti-thyroid peroxidase and/or anti-thyroglobulin antibodies together with disseminated 
hypoechogenicity of thyroid gland in an ultrasound examination. Children in the control group were 
free from any infection, autoimmune disease, or thyroid disorders. 

 The cell preparation before cytometric analysis has been described previously (Kucharska et al. 
 2009  ) . Brie fl y, heparinized blood samples obtained from patients and controls were diluted three 
times with saline, and centrifuged for 30 min at 400×  g  on Histopaque 1077-1 density gradient from 
SIGMA Diagnostics (St. Louis, MO). Isolated PBMCs were incubated with monoclonal antibodies 
for 30 min at 25°C in darkness. Analysis was performed with the use of monoclonal antibodies 
combination: CD4- FITC/ CD28 -PC5/ CD152 -PE and CD8 -FITC/ CD28 -PC5/ CD152 -PE from 
Immunotech Beckman Coulter Company (Beckman Coulter Company, Paris Nord, France). After 
incubation, samples were  fi xed and lysed by the reagent set Uti-Lyse (Dako Cytomation, Gdynia, 
Poland). The T cell phenotype was evaluated using the  fl ow cytometer Beckman Coulter EPICS XL 
4C (EPICS XL/XL-MCL, version 2.0, Beckman Coulter Company, Paris Nord, France). T cell phe-
notype was evaluated at baseline and after 48 h of T cell culture with phytohemagglutinine (48-PHA) 
as the mitogen activating the T cell. 

 Results were statistically analyzed by a  t -test or Mann- Whitney U-test as required. P < 0.05 was 
considered to indicate statistical signi fi cance.  
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    21.3   Results 

    21.3.1   Intracellular Expression of CD152 on T Cells 

 The number of T cells with intracellular CD152 expression was comparable at baseline in both HT 
patients and control children: 3.4%  vs.  2.7%, respectively (p > 0.05). The CD4+ subset of T cells posi-
tive for CD152 reached 2.2% and 2.1% in the HT and control children, respectively; the difference 
being insigni fi cant. Likewise, CD8+ cells expressing CD152+ intracellularly did not differ signi fi cantly 
between the patients and controls (Table  21.1 ).  

 After stimulation with 48-PHA, the intracellular CD152 increased to comparable values in both HT 
and control children; from 3.4% to 8.8% and from 2.7 to 6.3, respectively. The CD4+ subset of T cells 
positive for CD152 reached 6.5% and 4.8% in the HT and control children, respectively. In the CD8+ 
subset, intracellular CD152 was present in 3.0% and 3.6% of T cells in the HT and control children, 
respectively. These differences between the patients and controls were not signi fi cant (Table  21.1 ). 
The alterations of the intracellular phenotype of T cells are illustrated in Fig.  21.1a and b.    

    21.3.2   The Surface Expression of CD152 on T Cells 

 At baseline, the number of T cells with surface expression of CD152 was signi fi cantly lower in 
the HT than that in the control children: 2.6% ± 1.8%  vs.  4.5% ± 1.5%, respectively (p<0.001); the 
difference remained signi fi cant when T cells were divided into CD4+ (p<0.001) and CD8+ subsets 
(p<0.001) (Table  21.2 ).  

 After 48-PHA stimulation, the number of CD152+ T cells increased in both HT and control children, 
but the increase was higher in CD4+ than in CD8+ subset. In the CD8+ T cells, the difference 

   Table 21.1    Intracellular CD pro fi le of T cells in Hashimoto’s thyroditis (HT) and healthy control children at baseline 
and after 48 h activation by 48-PHA   

 CD4+152+ (%)  CD8+152+ (%)  CD152+ (%)  CD4+ (%)  CD8+ (%) 

  Baseline    HT   2.2 ± 1.5  2.6 ± 3.7  3.4 ± 1.4  37.0 ± 11.1  18.3 ± 4.9 
  Control   2.1 ± 1.1  1.8 ± 1.4  2.7 ± 1.4  29.4 ± 10.9  22.9 ± 9.3 

  48-PHA    HT   6.5 ± 3.1  3.0 ± 1.9  8.8 ± 3.8  33.1 ± 10.9  13.8 ± 4.9 
  Control   4.8 ± 3.5  3.6 ± 1.6  6.3 ± 3.1  21.9 ± 9.1  15.3 ± 6.1 

  Fig. 21.1     Alterations of the intracellular CD phenotype of T cells  before ( a ) and after ( b ) PHA stimulation in 
Hashimoto’s thyroditis children and controls       

 



166 A.M. Kucharska et al.

between the number of CD152+ T cells at baseline and after 48-PHA was not statistically signi fi cant 
in either group of children (Table  21.2 ). Figure  21.2a and b  illustrate the alterations of the surface CD 
phenotype of T cells.    

    21.4   Discussion 

 In the present study, the number of CD4+ T cells with the intracellular expression of CD152 was simi-
lar in HT and healthy children, but only a part of T cells showed the surface expression of CD152 
antigen. This suggests that in HT patients T cells are able to produce the CD152 molecule, but its 
transport from cytoplasm to cell membrane is hampered. It is unclear why CD152 molecule can not 
reach the surface of a cell in the course of HT. Anjos et al.  (  2002  )  formed an interesting hypothesis 
that one of the polymorphisms of the CTLA-4 gene associated with autoimmune diseases changes the 
signal peptide of CTLA-4, alters the early endoplasmic reticulum traf fi cking or processing of CTLA-4 
(CD152), and leads to its differential expression on the cell surface. Thus, a change in a signal peptide 
can lead to incomplete glycosylation of the protein and results in impaired transit between clathrin-
coated vesicles and the cell membrane, resulting in a lower expression of CD152 on the cell surface. 
Our present data con fi rm that in HT patients the CD152 molecule lacks the ability of being expressed 
on T cell surface, even though its intracellular resources are similar to healthy controls. It is unre-
solved why the basic subsets, CD4+ and CD8+ T cells, have a different pattern of the CD152 antigen 
response to cell stimulation: an increase in the CD152 on CD4+ T cell subset and no response of 
CD8+ T cells. This observation was noted only in HT patients. The CD152 antigen in T cells behaved 
differently in healthy individuals in whom the number of CD152+ T cells increased both intracellu-
larly and on cell surface after stimulation. A dissimilar response of CD8+ CD152+ T cells in HT 
patients and controls might re fl ect impaired function of CD152 on regulatory cells (Tregs) and sug-
gests that the alterations are speci fi c for this disease. In HT, the autoimmune process is mainly modulated 

   Table 21.2    Surface CD pro fi le of T cells in Hashimoto’s thyroditis (HT) and healthy control children at baseline and 
after 48 h activation by 48-PHA   

 CD4+152+ (%)  CD8+152+ (%)  CD152+ (%)  CD4+ (%)  CD8+ (%) 

  Baseline    HT   1.0 ± 0.8  1.2 ± 1.6  2.6 ± 1.8  23.7 ± 10.1  16.6 ± 8.0 
  Control   2.5 ± 1.6  2.5 ± 1.6  4.5 ± 1.5  23.9 ± 9.6  17.0 ± 5.9 

  48-PHA    HT   2.9 ± 1.8  2.0 ± 1.5  4.1 ± 2.2  21.8 ± 11.4  12.2 ± 5.7 
  Control   3.4 ± 1.4  4.0 ± 1.5  6.1 ± 0.9  15.6 ± 5.1  14.2 ± 4.4 

  Fig. 21.2     Alterations of the surface CD phenotype of T cells  before ( a ) and after ( b ) PHA stimulation       
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by CD8+ effector cells and their cytotoxicity (Weetman  2003 ; Weetman and McGregor  1994  ) . 
Nevertheless, it has been recently found that in autoimmune thyroid diseases the naturally occurring 
regulatory T cells CD4+CD25+ and also CD8+CD122+ play an important role (Marazuela et al. 
 2006 ; McLachlan et al.  2007  ) . According to the study of McLachlan et al.  (  2007  ) , Tregs are a major 
factor in the intermolecular spreading of the immune response to thyroid antigens and in a shift from 
Graves’ disease and Hashimoto’s thyroiditis. Saitoh et al.  (  2007  )  supported this idea in excellent animal 
study. Our present observation on the CD8+ subset can re fl ect their importance in the pathogenesis of 
HT in humans. The difference between the CD152 regulation in CD4+ and CD8+ is in concert with 
the observation of several authors, con fi rming that induction of CD152 restricts clonal expansion of 
helper T cells (Doyle et al.  2001  )  and plays a role in the differentiation and action of Th1 and Th2 cells 
(Alegre et al.  1998 ; Bour-Jordan et al.  2003  ) . Under normal conditions, CD152 is constitutively 
expressed on Tregs (Eggena et al.  2004  )  and is necessary for their proper function (Takahashi et al. 
 2000  )  and generation (Tang et al.  2004 ; Zheng et al.  2006  ) . On the other hand, hypo-function of 
CD152 can impair the regulation of the T cell response to a mitogen. Stephens et al.  (  2001  )  have found 
that the CD4+ CD25+ Treg proliferate poorly in response to mitogenic stimulation and suppress the 
proliferation of CD4 + CD25 –  cells in co-culture. Therefore, impaired function of these cells can explain 
an increase in the number of CD4+ after mitogen stimulation in our HT patients.  

    21.5   Conclusions 

 Hashimoto’s thyroiditis is characterized by impaired inhibitory function of CD152. The impairment 
may depend on imbalance of intracellular/surface CD152 expression on T cells.      

   Con fl icts of interest    : The authors declare no con fl icts of interest in relation to this article.  
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  Abstract   Athletes have changes in the lung epithelial cells caused by inhalation of cold and dry air. 
The exhaled breath condensate contains a number of mediators from the respiratory system and H 

2
 O 

2
  

is described as a marker of airways in fl ammation. The aim of this study was to determine the in fl uence 
of exercise combined with cold air on the H 

2
 O 

2
  release in the exhaled breath. Twelve males 

(23.1 ± 1.5 years) were randomly assigned at 2 different days (1 day rest) to perform a 50 min run 
(75–80% of their max. heart rate) under normal (N) laboratory (18.1 ± 1.1°C) or cold (C)  fi eld 
condition (−15.2 ± 3.1°C). Before and immediately after each run, the EBC was collected under 
laboratory conditions and was analyzed amperometrically. Prior to the two runs, H 

2
 O 

2
  concentrations 

were 145.0 ± 31.0 (N) and 160.0 ± 49.1 nmol/L (C) and theoretical release was 70.3 ± 37.1 (N) and 
82.6 ± 27.1 pmol/min (C) (p > 0.05). After each run, H 

2
 O 

2
  concentration increased signi fi cantly to 

388.0 ± 22.8 nmol/L (N) and 622.1 ± 44.2 nmol/L (C) (p < 0.05), along with an increase in the theoretical 
release: 249.2 ± 35.7 pmol/min (N) and 400.9 ± 35.7 pmol/min (C) (p < 0.05). We conclude that release 
of H 

2
 O 

2
  into the EBC takes place under both resting conditions and after exercise. The concentration 

and release of H 
2
 O 

2
  increased after exercise in cold air compared to resting and laboratory conditions, 

which points to an increase in in fl ammatory and oxidative stress.  

  Keywords   Hydrogen peroxide  •  Oxygen  •  Exhaled breath condensate  •  Oxidative stress  •  Airway 
in fl ammation    

    22.1   Introduction 

 It has been reported that endurance athletes of winter (Karjalainen et al.  2000 ; Sue-Chu et al.  1999  )  
and summer sports show increased airway neutrophil counts (Koskela  2007  )  at both rest and after 
exercise. Furthermore, many publications indicate that especially winter athletes have bronchial 
hyperresponsiveness (BHR) and symptoms like bronchoconstriction and changes in the epithelial 
cells caused by the inhalation of cold and dry air (Bougault et al.  2009  ) . 
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 Carlsen  (  2009  )  pointed out that an increased ventilation during repeated heavy exercise causes 
stress to the airway epithelium and increases airway mucosal in fl ammation. Environmental agents, 
like cold air, will probably increase this stress by an increase in bronchial responsiveness. These 
 fi ndings were supported by several studies. Bougault et al.  (  2009  )  demonstrate the effect of heavy 
endurance training upon the respiratory tract (Larsson et al.  1998 ). This study shows an increase in 
the bronchial epithelial cells and an increased number of neutrophils among the athletes, as well as a 
rise in the number of eosinophils in athletes with BHR. The reason for this increase is described as the 
wear and tear effect that may be caused by increased ventilation during endurance training and by 
increased airways in fl ammation due to training. Taking bronchial biopsies from skiers Helenius et al. 
 (  2005  )  and Karjalainen et al.  (  2000  )  reported increased levels of eosinophils and neutrophils and 
increased concentrations of sputum eosinophil peroxidase and human neutrophil lipocalin in induced 
sputum from endurance athletes. Davis et al.  (  2002  )  performed bronchoscopy and bronchoalveolar 
lavage in elite racing sled dogs 24–48 h after the completion of a 1,100-mile endurance race in Alaska. 
Nearly 80% of the dogs showed abnormal accumulations of intraluminal debris, and bronchalveolar 
lavage obtained after the race showed signi fi cantly higher nucleated macrophage and eosinophil 
counts as compared with sedentary control dogs. 

 Exhaled breath condensate (EBC) contains a large number of mediators which are in fl uenced by 
airway infections and other lung diseases and modulated by therapeutic intervention. Among others 
there is hydrogen peroxide (H 

2
 O 

2
 ), which can be measured by currently developed micro enzyme 

detectors of high sensitivity (Horvath et al.  2005  ) . Hydrogen peroxide is suggested to be a parameter 
of oxidative stress or in fl ammatory processes. It is released by neutrophilic and eosinophilic lympho-
cytes, macrophages, and epithelial airway cells. It provides one line of immune defense, should 
infection occur, and is the most important marker of airway infection. H 

2
 O 

2
  is synthesised by 

superoxide dismutase induced reaction of O −  radicals and H + -ions. A peroxidase is secreted by airway 
epithelial cells, which converts hydrogen peroxide into hypothiocyanous acid, a toxic compound that 
kills pathogens (Horvath et al.  2005  ) . 

 The aim of the present investigation was to determine the in fl uence of endurance exercise 
combined with cold air on the H 

2
 O 

2
  release as a marker of airway in fl ammation in exhaled breath. 

Therefore, H 
2
 O 

2
  was determined in the EBC before and after the same exercise intensity in two 

different environmental situations. Furthermore, the correlation between the theoretical H 
2
 O 

2
  

release and ventilation was determined to distinguish the exercise effect and the cold air effect on 
the release of H 

2
 O 

2
  EBC.  

    22.2   Methods 

 The study was performed in conformity with the Declaration of Helsinki (1989) for Human 
Experimentation and the protocol was approved by a local Ethics Committee. 

    22.2.1   Anthropometric Data 

 The investigation was carried out on 12 healthy male subjects, age 23.1 ± 1.5 years, height 
178.2 ± 2.4 cm, and normal BMI 23.3 ± 1.2 kg/m 2  (range 22.1–24.1 kg/m 2 ). The subjects were free 
from acute airway infections and had, according to the ECCS references (Quanjer et al.  1993  ) , normal 
values for the forced vital capacity (113.1 ± 11.4%pred). The mean values for FEV 

1
  were normal, 

105.7 ± 8.8%pred. Tiffeneau Index, another marker for airway obstruction, was also normal in all 
subjects (107.1 ± 4.5%pred).  
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    22.2.2   Study Protocol 

 The subjects were randomly assigned to 2 different days (with 1 day rest) to perform one 50 min run 
(75–80% of their maximum heart rate) under normal laboratory (18.1 ± 1.1°C,) and one under cold  fi eld 
conditions (−15.2 ± 3.1°C). Humidity in the laboratory was 44.5 ± 1.2% and under cold  fi eld conditions 
77.2 ± 10.7%. Five days before the two runs at different environmental conditions each subject per-
formed a treadmill ramp tests until exhaustion (RQ > 1.1) with a warm-up at 2.4 m/s and 2.8 m/s at 1% 
uphill grade and exertion of 5% uphill grade with increments of 0.2 m/s every 30 s, to determine the 
individual maximum heart rate, which amounted to 174 beats/min. The mean heart rate was set at 80% 
of the maximum rate. Exercise duration was similar in both exercise tests (40.2–41.2 min).  

    22.2.3   EBC Collection 

 During rest and immediately after the exercise 100 L of exhaled air were collected. The EBC was 
obtained by cooling the expired air to −20°C (ECoScreen I, FILT, Berlin, Germany). From the EBC 
sample, three aliquots were taken each. One sample was immediately analyzed; the two other samples 
were stored on ice and frozen to −20°C. 

 The subjects were instructed to breathe normally and to avoid contamination with saliva. During 
quiet breathing, 99% of the condensate is derived from water vapor. The trap inlay in which the 
exhaled breath was cooled down was Te fl on coated and the condenser cooled the expired air in a 
counter- fl ow principle. At rest, 100 L of exhaled air was collected in nearly 8.0 ± 1.1 min and 
1.3 ± 0.3 mL EBC was obtained with the ventilation of 10.3 ± 1.3 L/min (average of the two collection 
time points) (Table  22.1 ). After exercise, 100 L of exhaled air was collected in 6.5 ± 0.9 min and 
1.2 ± 0.3 mL EBC was obtained with the ventilation of 16.7 ± 2.3 L/min. 100 L of exhaled air at 37°C 
saturated with water vapor at standard atmospheric pressure (101 kPa) should contain 4.4 mL water 
(Marek et al.  2010  ) . The collected EBC volumes represent nearly 27–29% of the theoretical water 
vapor content of 100 L of exhaled air. No signi fi cant differences in the EBC volume were found 
before and after the exercise. In the recovery period after exercise, the EBC volume was slightly 
decreased and represented 27.6% of the theoretical water content (Table  22.1 ).   

    22.2.4   Hydrogen Peroxide Analysis 

 Hydrogen peroxide concentration was analyzed using an EcoCheck amperometer (FILT, Berlin, 
Germany). H 

2
 O 

2
  analysis was performed after conversion of H 

2
 O 

2
  by peroxidase (H 

2
 O 

2
 →2H + +O 

2
 +2e − ) 

using miniaturized enzyme detectors (ECoCheck, FILT, Berlin, Germany). Measurements can be 
performed in an effective range between 30–3,000 nmol/L. Calibrations were performed daily. The 
method was described in detail in previous papers (Marek et al.  2010  ) . Acid-base parameters were 
measured in crude EBC samples. H 

2
 O 

2
  was measured in 0.3 mL EBC diluted in 0.3 mL buffer solu-

tion. The rate of release from the lung (pmol/min) is calculated from the concentration of hydrogen 
peroxide and the collection time of EBC.  

    22.2.5   Statistical Analysis 

 Data were compiled in tables (Microsoft, Excel 2003). The  fi nal statistical analysis was performed 
using the SPSS 11.5 statistic program. After testing the data for homogeneity and normal distribution, 
means ± SD were calculated. By using a paired  t -test, respiratory, cardiovascular, and EBC data were 
tested for signi fi cant differences (p < 0.05).   
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    22.3   Results 

    22.3.1   H 
2
 O 

2
  Concentration and H 

2
 O 

2
  Release in EBC 

 At rest before the laboratory exercise, the H 
2
 O 

2
  concentration and theoretical release in EBC were 

145.0 ± 31.1 nmol/L and 70.3 ± 37.1 pmol/min, respectively. In the recovery phase after exercise, the 
H 

2
 O 

2
  concentration and its release in EBC signi fi cantly increased to 388.0 ± 22.8 nmol/L and 

249.2 ± 35.7 pmol/min, respectively, compared with the resting situation (p < 0.05) (Table  22.1 ). 
 At rest before the cold air exercise, the H 

2
 O 

2
  concentration and its release in the collected EBC 

were 160.1 ± 49.1 nmol/L and 82.6 ± 27.1 pmol/min, respectively. In the recovery phase after exercise, 
the respective values amounted to 622.1 ± 44.2 nmol/L and 400.9 ± 35.7 pmol/min; being signi fi cantly 
greater compared to rest (p < 0.05) (Table  22.1 ). 

 Comparing the resting situations before the laboratory and cold air exercise, the H 
2
 O 

2
  concentra-

tion and its release in EBC were not signi fi cantly different. In contrast, comparing the recovery phase 
after the laboratory and cold air exercise, there were signi fi cant differences regarding both H 

2
 O 

2
  con-

centration and its release in EBC (Table  22.1 ).  

    22.3.2   Correlation Between the Theoretical H 
2
 O 

2
  Release in EBC 

and Ventilation 

 The theoretical H 
2
 O 

2
  release in EBC signi fi cantly correlated with the ventilation for resting situations 

(r = 0.77, p < 0.05) (Fig.  22.1 ), and in the recovery phase after exercise in both laboratory condition 
(r = 0.85, p < 0.05) and cold air (r = 0.81, p < 0.05). Furthermore, H 

2
 O 

2
  release increased signi fi cantly 

more after cold air exercise, with nearly the same ventilation.    

  Fig. 22.1    Correlation of 
H 

2
 O 

2
  release and ventilation 

in resting situation, after 
exercise in the laboratory, and 
after exercise in cold air       
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    22.4   Discussion 

 The release of H 
2
 O 

2
  into the EBC has been shown under resting conditions and after exercise. 

Concentration and release signi fi cantly increased after exercise in cold air compared to resting and 
laboratory conditions and indicate an increase of in fl ammatory and oxidative stress. 

    22.4.1   Airway In fl ammation in Athletes 

 The prevalence of asthma and bronchial hyperresponsiveness is greater among elite athletes than in 
the general population and even higher among certain groups of athletes (long distance runners, 
cyclists, skiers, and swimmers) than among athletes in general. Belda et al.  (  2008  )  mention that the 
underlying in fl ammation in such athletes is quite similar to the pattern seen in other persons with 
asthma. In fl ammation has been related in some athletes to the presence of asthma, atopy, and type of 
sport, season, and duration of training. The reason for the in fl ammation is still not fully understood. 
Koskela  (  2007  )  suggested cold air as a possible reason for respiratory symptoms. At rest and during 
light exercise, athletes often breathe through the nose. Even subfreezing air is almost completely satu-
rated and warmed to near body temperature when it passes the nasal cavity (Koskela  2007  ) . Therefore, 
at rest and during light exercise, the possible trigger sites for cold air-provoked respiratory symptoms 
include the facial skin and nasal mucosa but not lower airways. Exercise is associated with hyperpnea. 
A shift from nose to combined nose-and-mouth breathing takes place when the ventilation level 
exceeds approximately 30 L/min. When the ventilation level further increases, incompletely condi-
tioned air can reach lower airways (Koskela  2007  ) . Therefore, during heavy exercise the trigger sites 
for cold air-provoked respiratory symptoms also include oral mucosa, pharynx, larynx and the lower 
airways. Furthermore, animal studies have shown that repeated cooling and desiccation of peripheral 
airways lead to a loss of ciliated epithelium, thickening of the lamina propria with increased concen-
trations of in fl ammatory cells, hyperresponsiveness and airway obstruction (Koskela  2007  ) . Thus, 
experimental studies suggest that cooling and drying can damage the airway epithelium and, if 
repeated, can lead to changes in the airway wall structure and function.  

    22.4.2   Factors Which In fl uence the Exhaled Breath Condensate/Mediators 

 A number of studies have reported a highly variable concentration of H 
2
 O 

2
  in healthy adults, ranging 

from  £ 50 nmol/L (Gerritsen et al.  2005  )  through 250–300 nmol/L (Loukides et al.  2002 ; Nowak et al. 
 2001  )  to 480 nmol/L (Svensson et al.  2004  )  in EBC. One reason for these wide differences could be 
that the collection time is different from subject to subject. The higher the ventilation the greater is the 
dilution of the exhaled breath. So it is necessary to calculate the release of H 

2
 O 

2
  in the exhaled breath 

and the EBC. This hypothesis is support by Schleiss et al.  (  2000  )  who found lower exhaled H 
2
 O 

2
  

concentrations at higher  fl ow rates. Another reason could be that there is an intraindividual release of 
markers like H 

2
 O 

2
  in EBC (Knobloch et al.  2008  ) . H 

2
 O 

2
  in EBC is unstable and has to be analyzed 

directly after collection or should be frozen for later analysis (Horvath et al.  2005  ) . In the present 
investigation three aliquots were taken. One sample was immediately analyzed; the two other samples 
were frozen to −20°C, so no major loss of H 

2
 O 

2
  should be considered. 

 In young and healthy non-smokers, Nowak et al.  (  2001  )  reported H 
2
 O 

2
  concentrations from 0.0 to 

0.9  m mol/L. The H 
2
 O 

2
  values were signi fi cantly increased in older healthy subjects and smokers. The 

authors also found a circadian rhythm in H 
2
 O 

2
  concentration, with the highest values at 12:00 and 

24:00 h. The results from this investigation (152 ± 80 nmol/L) are in accord with those from the 
literature (150–340 nmol/L) (Loukides et al.  2002  ) .  
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    22.4.3   H 
2
 O 

2
  as Oxidative Stress and In fl ammatory Marker 

 Physical exercise is characterized by an increase in reactive oxygen species (ROS) production (Riediker 
and Danuser  2007  ) . The main sources of ROS during exercise are the mitochondrial respiratory chain, 
xanthine oxidase-catalysed reaction and neutrophil activation (Sen  2001 ). H 

2
 O 

2
  correlates with oxygen 

consumption at rest, and under moderate and exhausting exercise (Heinicke et al.  2009 ; Marek et al. 
 2009,   2010  ) . The higher the oxygen consumption the greater is the H 

2
 O 

2
  release in EBC, because H 

2
 O 

2
  

is produced after converting superoxide anions O  
2
  −   to H 

2
 O 

2
 . The present results after exercise in labora-

tory condition showed a nearly 2.5-fold increase in H 
2
 O 

2
  concentration and a 3.5-fold increase in H 

2
 O 

2
  

release. These increases could be associated with a higher oxygen consumption during and immedi-
ately after exercise. The results can be interpreted as a higher level of oxidative stress. 

 In the respiratory tract, H 
2
 O 

2
  is released from neutrophile and eosinophile lymphocytes as well as 

from macrophages and epithelial cells (Conner et al.  2002  )  in in fl ammatory processes. Compared with 
healthy subjects, increased levels of H 

2
 O 

2
  are found in the EBC from smokers (Nowak et al.  1996  ) , 

patients with bronchial asthma (Antczak et al.  1997 ; van Beurden et al.  2002  ) , COPD (Dekhuijzen 
et al.  1996 ; Nowak et al.  1998  ) , and bronchiectases (Loukides et al.  2002  ) . In induced sputum H 

2
 O 

2
  

correlates with the amount of eosinophiles and airway responsiveness (Horvath et al.  1998  )  in subjects 
with moderate asthma. H 

2
 O 

2
  as an in fl ammatory marker is of special interest for the time course of 

disease and therapy control. Exacerbations of COPD enhance the level of H 
2
 O 

2
  compared with stable 

phases (Dekhuijzen et al.  1996  ) . Antioxidative therapy with N-acetylcystein results in a decrease in 
H 

2
 O 

2
  in the EBC (Kasielski and Nowak  2001  ) . The present results after exercise in the cold air environ-

ment show a nearly 3-fold increase in H 
2
 O 

2
  concentration and a 5-fold increase in H 

2
 O 

2
  release. 

 In the present study, H 
2
 O 

2
  concentration and H 

2
 O 

2
  release increased nearly 1.6-fold when athletes 

performed exercise of the same intensity in cold air, compared with a laboratory condition. This increase 
could have to do with the hypothesis put forward by Koskela  (  2007  )  which suggests that cold air 
hyperpnea leads to hyperosmolarity of airway surface  fl uid, which in turn induces a mediator release 
from cells along airway mucosa. The cells that respond to hyperosmolarity could be the neutrophils, 
eosinophils, or the mast cell releasing leukotrienes, prostaglandins, or histamine (Koskela  2007  )  or H 

2
 O 

2
  

(Marek et al.  2009  ) . It seems possible that an increased number of in fl ammatory cells and higher release 
of H 

2
 O 

2
  in the lungs following a short exposure to cold air is a normal response in healthy subjects. 

 In conclusion, release of H 
2
 O 

2
  in exhaled breath conspicuously increased after exercise in cold 

air, which may be due to in fl ammatory and oxidative stress developing during exhausting exercise 
in cold air.       

   Con fl icts of interest    : No con fl icts of interest were reported in relation to this article.  
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  Abstract   Multiple chemical sensitivity (MCS) is a complex disorder initiated by chemical exposure, 
particularly through the airways. MCS patients report sensitivity or intolerance to low levels of a 
wide spectrum of chemicals. Symptoms could include asthma-like signs, rhinitis, fatigue, cognitive 
dysfunction, psycho-physiological alteration, and other speci fi c tissue reactions resembling hypoxic 
and oxidative stress effects. To recognize physiological signs that would allow the diagnosis of MCS 
in a non-invasive way we investigated the potential application of a new sensor system. In healthy 
volunteers, we measured exhaled breath content in the control condition and under exposure to olfactory 
stressors that mimic hypoxic or pollutant stressors playing a potential role in the generation of the 
MCS disorder. The recording system used is based on metal oxide semiconductor (MOS) sensor 
having a sensing range of 450–2,000 ppm CO 

2
  equivalents, which is able to detect a broad range of 

compounds playing a potential role in the generation of the MCS disorder, while correlating directly 
with the CO 

2
  levels. The results indicate that the recording system employed was suitable for the 

analysis of exhaled breath content in humans. Interestingly, the system was able to detect and 
discriminate between the exhaled breath content taken from the control condition and those from 
conditions under stress that mimicked exposures to pollutant or hypoxia. The results suggest that 
chronic hypoxia could be involved in the MCS disorder.  

  Keywords   Breath analysis  •  Exhaled breath content  •  Multiple chemical sensitivity syndrome  •  Smell  
•  Volatile organic compounds    

    Chapter 23   
 Non-invasive Assessment of Exhaled Breath Pattern 
in Patients with Multiple Chemical Sensibility Disorder       

     Andrea   Mazzatenta      ,    Mieczyslaw   Pokorski,       Sergio   Cozzutto   , 
   Pierluigi   Barbieri   ,    Vittore   Veratti   , and    Camillo   Di   Giulio      

    A.   Mazzatenta   (*) •     V.   Veratti   •     C.   Di   Giulio    
   Sensorial Physiology Unit, Department of Neuroscience and Imaging , 
 University of Chieti-Pescara ‘G. d’Annunzio’ ,   Via dei Vestini 31 ,  66100   Chieti ,  Italy  
  e-mail: amazzatenta@yahoo.com    

    M.   Pokorski    
   Department of Respiratory Research, Medical Research Center ,  Polish Academy of Sciences , 
  Warsaw ,  Poland    

    S.   Cozzutto    
   ARCO Solutions srl ,  Spin off Trieste University ,   Trieste ,  Italy    

    P.   Barbieri    
   Department of Chemical and Pharmaceutical Science ,  University of Trieste ,   Trieste ,  Italy    



180 A. Mazzatenta et al.

    23.1   Introduction 

 The recognition of exhaled breath in order to achieve a diagnosis has a long history. Ancient Greek 
physicians already knew that the smell of human breath could provide clues of pathology. 
Characteristically, the sweet and fruity odor of acetone is a sign of diabetes, the musty,  fi shy reek is 
the evidence of advancement of a liver disease, the urine-like smell accompanies failing kidneys, 
while the putrid stench is that of lung abscess (Phillips  1992  ) . Nowadays, breath markers are known 
to be released in broad range of diseases, e.g., lung diseases, metabolic disorder, and exposure to 
volatile organic compounds (VOCs), which could be used for the monitoring of the respiratory 
CO 

2
 /O 

2
  ratio and the detection of drug abuse or pollutant exposure (Folke et al.  2003 ; Cao and 

Duan  2006  ) . In oxidative stress diseases, like asthma, COPD, bronchiectasis, or during lipid peroxida-
tion the following compound are released: methylated alkane (Moretti et al.  2004  ) , H 

2
 O 

2
  (Kostikas 

et al.  2003  ) , pentane and ethane (Aghdassl et al.  2003  ) . In lung cancer, pulmonary allograft dysfunction, 
lung transplant recipient with acute rejection, and in cystic  fi brosis the exhaled compounds are: NO, 
CO, H 

2
 O 

2
 , isoprostanes, nitrite/nitrate, eicosanoids (leukotrienes, prostanoids, isoprostanes), and exhaled 

carbonyl sul fi de (Fisher et al.  1998 ; Phillips et al.  2003a ; Studer et al.  2001 ; Montuschi et al.  2000  ) . 
In diabetes, acetone is exhaled (Phillips et al.  2004  ) , while exposure to VOCs provokes a blow-out of 
the vinyl chloride and cis-1,2-dichloroethene, chloroform, bromodichloromethane, and trichloroethene 
(Miekisch et al.  2004  ) . 

 Breath micro-assays give the possibility to detect markers of pathologies linked to oxidative stress, 
because reactive oxygen species (ROS) oxidize polyunsaturated fatty acids in membranes to alkanes, 
such as ethane and pentane, which are excreted in the breath as VOCs (Phillips et al.  1999,   2000  ) . This 
breath test demonstrates that the intensity of oxidative stress varies with age (Phillips et al.  2003a  )  and 
it is signi fi cantly increased by breathing oxygen (Phillips et al.  2003b  ) , normal pregnancy and preec-
lampsia of pregnancy (Moretti et al.  2004  ) . Oxidative stress, originated by a cascade of ROS leaking 
from mitochondria, plays a central role in onset of a number of diseases (Knight  1998  ) . A biological 
concentration of oxygen keeps the cell enzymatic machinery functional. However, when oxidative 
stress and hypoxia are established, physiological reactions induce multiple changes in ventilation and 
in the cardiocirculatory and psychophysiological systems (Schumacker  2003  ) . A cumulative result of 
oxidative damage induced in cells by ROS derives from aerobic metabolism (Finkel and Holbrook 
 2000  ) . Physiological antioxidant defenses maintain ROS at harmless levels preventing damage; the 
balance is strictly related to a constant oxygen concentration (Cataldi and Di Giulio  2009  ) . When this 
balance falters, for instance in aging or chronic exposure to pollutants, a reduction in homeostatic 
adaptation to metabolic requirements occurs through the activity of such enzymes as endothelial nitric 
oxide synthase (eNOS) (Drew and Leeuwenburgh  2002  ) . Chronic hypoxia,  per se , promotes a remod-
eling of the structure and function of the bodily systems (Cataldi and Di Giulio  2009  ) . 

 Anyone or all of the elements above outlined may be involved in the generation of the symptoms of 
multiple chemical sensitivity (MCS) disorder. Before Randolph Theron, an allergologist who 
scienti fi cally described in 1945 the  fi rst cases of MCS disorder, its depiction existed only in the non-
scienti fi c literature, “The Fall of the House of Usher”, written by Edgar Allan Poe (1839). Today, MCS 
disorder is also known as chemical sensitivity or intolerance, toxic, or chemical injury syndrome, envi-
ronmental illness, sick building syndrome, toxicant-induced loss of tolerance, or idiopathic environ-
mental intolerance emphasizing the role of chemicals in initiating the disease. Epidemiological studies 
report a discrepant MCS prevalence, ranging from less than 5% up to 20% of the population, revealing 
a pandemic distribution with a potentially strong inference on public health (Kreutzer et al.  1999 ; 
Caress and Steinemann  2004 ; Joffres et al.  2001  ) . The discrepancy could be explained by the fact that 
MCS is of a controversial diagnosis because of the debate between those who contend that it is a psy-
chogenic disorder (Gots  1996  )  and those who believe it is a chemical-caused illness (Pall  2009  ) . 

 From the point of view of the somatic-psychiatric origin, the phenomenon of MCS is de fi ned as 
a peculiar manifestation of a technophobic and chemophobic lifestyle. MCS is an ailment in which 
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the patient de fi nes both the cause and the manifestations of his own condition (Gots  1996  ) . It has 
been rejected as an established organic disease due to the arguing that chemicals are not involved in 
generating MCS disorders, because of the lack of a mechanism explaining the puzzling characteristics 
of it, and the lack of diagnostic physiological tests for scienti fi c validation (Davidoff et al.  2000 ; 
Das-Munshi et al.  2007  ) . From the standpoint of a chemically induced illness, MCS is de fi ned as a 
multi-complex syndrome ascribable to chronic low level exposure to chemicals (Pall  2009  ) . MCS 
patients are affected by sensitivity or intolerance to low levels of a wide range of chemicals. They 
report qualitative and quantitative variable symptoms ranging in number from 41 to 74 and affecting 
nervous, neuromuscular, musculoskeletal, gastrointestinal, cardiac, and airway systems (Miller 
 2001  ) . Three categories, depending on the site of chemical contact, are distinguished: ingestion, 
dermal contact, and breathing, all able to produce several levels of irritation, pain, fatigue, sensorial 
magni fi cation, and anxiety. 

 Chemoreception is involved at different levels in this syndrome. In MCS patients, there has been 
shown chemoreceptor activation of sensory nerve C- fi bres leading to the release of in fl ammatory 
mediators and to alterations in the odor processing as an expression of the lower brain responses to 
odorants (Hillert et al.  2007 ; Orriols et al.  2009  ) . MCS sufferer exhibit changes in brain function seen 
in brain-imaging studies with positron emission tomography (PET), single photon emission computed 
tomography (SPECT), and electroencephalography (EEG) (Heuser and Wu  2001 ; Hillert et al.  2007 ; 
Simon et al.  1994 ; Heuser et al.  1994 ; Bell et al.  1999 ; Lorig et al.  1991  ) . Genetic studies demonstrate 
a role of genetic polymorphisms in fl uencing MCS susceptibility. These studies suggest that the 
interaction between the genetic pool and the environment gives the probability that a person will 
become ill. Therefore, genetic evidence reinforces the position that MCS is a toxicological phenom-
enon (Schnakenberg et al.  2007  ) . 

 Six consensus criteria were identi fi ed for the MCS diagnosis (Pall  2009  ) : symptoms are reproduc-
ible with repeated chemical exposures; the condition has persisted for a signi fi cant period of time; 
low levels of exposure lower than previously or commonly tolerated result in manifestations of the 
syndrome, i.e., in increased sensitivity; the symptoms improve, or resolve completely, when the 
triggering chemicals are removed; responses often occur to multiple, chemically unrelated substances; 
symptoms involve multiple-organ symptoms. 

 The MCS begins in response to exposure to one or more chemicals of seven classes. These include 
three groups of pesticides (organophosphorus, pyrethroid and organochlorine), a large assortment of 
volatile organic compounds (VOCs) and related compounds. In addition, mercury and its compounds, 
e.g., dental amalgams, hydrogen sulphide, and carbon monoxide are implicated as initiators. All these 
classes of chemicals produce a common response, such as excessive activity of the NMDA receptor. 
Organophosphorus and carbamate are acetyl cholinesterase inhibitors producing an increase in acetyl-
choline, which stimulates the muscarinic receptors, which in turn increases glutamate release leading 
to an increase in NMDA receptor stimulation. Organochlorine, chlordane, lindane, dieldrin, and aldrin 
lower GABAA receptor activity, which produces elevated NMDA activity. Pyrethroid acts on sodium 
channel opening probability, which increases NMDA stimulation and similarly acts on GABAA as do 
other pesticides. Organic solvents and VOCs act on the transfer receptor potential (TRP) family, lead-
ing to an increase in NMDA activity. Mercury and its compounds, hydrogen sulphide and carbon 
monoxide produce increased NMDA activity (Pall  2009  ) . Furthermore, animal studies have demon-
strated that toxic responses to chemicals belonging to each of these seven classes are greatly decreased 
by using drugs that inhibit the NMDA response. Enhanced NMDA activity also produces an increases 
in NO and its oxidant ONOO −  realizing a vicious cycle. These compounds act to generate local sen-
sitivity in regions of the brain and in peripheral tissues, including the lungs, the skin and the upper 
respiratory and the gastrointestinal tracts (Pall  2009  ) . Apart from the above outlined factors, we 
hypothesized the existence of a linkage between the MCS syndrome and the oxidative stress induced 
by inhaled VOCs stressors which could be detected by a new metal oxide semiconductor (MOS)-
sensor based system.  
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    23.2   Methods 

 Healthy volunteers (n = 10), who provided written informed consent, were enrolled into the study. 
The procedures were performed in agreement with the Ethical Standards of the Helsinki 
Declaration and were accepted by a local Ethics Committee. We measured the exhaled breath 
content in the control condition and under exposure to the olfactory stressor n-propanol which 
mimics the hypoxic or pollutant stressors. The recording system used in this experiments was an 
iAQ-2000 (AppliedSensor, Warren, NJ) equipped with a metal oxide semiconductor (MOS) hav-
ing a sensing range of 450–2,000 ppm CO 

2
  equivalents which is able to detect a broad range of 

volatile compounds (both organic and inorganic, e.g., alcohols, aldehydes, aliphatic hydrocar-
bons, amines, aromatic hydrocarbons, ketones, organic acids and CO), while correlating directly 
with the CO 

2
  levels. The MOS sensor is based on chemical reaction which occurs between the 

surface of the sensor and the volatile compounds. This reaction cause closure of an electrical 
circuit, which sends a raw electrical signal in Ohm to the acquisition system. The signal is 
recorded, saved, and elaborated by the system algorithm, which expresses the VOCs concentra-
tion. A Wohler A600 gas analyzer (Wohler USA Inc. Danvers, MA) was used to verify the O 

2
  and 

CO 
2
  measurements done by the iAQ-2000. The exhaled breath was collected into a tight-sealed 

mask that completely covered the nose, which leaved free inspiration through the mouth, and was 
directly measured by the iAQ-2000 system. Data treatment and statistical analysis was done by 
Excel and Origin software.  

    23.3   Results 

 In order to recognize physiological characteristics which would allow to diagnose the MCS or 
exposure to VOCs in a non-invasive procedure we recorded breath exhale using an MOS-sensor 
system. The normalized breathing raw recordings in a representative subject, presented as a compari-
son of the control  vs.  n-propanol stressor conditions are superimposed in the consecutive panels of 
Fig.  23.1 . In this and the following  fi gures there are normalized data on the vertical axis according to 
the formula: N = (x−min)/(max−min).  

 The recordings from the Wohler A600 gas analyzer, serving as a reference for veri fi cation are 
shown in Fig.  23.1a and c , while those obtained from the MOS-sensor system are shown in Fig.  23.1b 
and d . Statistical comparisons of the corresponding grand averages of the raw data obtained in the 
control  vs.  n-propanol stressor conditions are presented in Fig.  23.2 ; panels a and c concern the data 
from the Wohler A600 gas analyzer and panels b & d concern those obtained from the MOS-sensor 
system. In response to the olfactory stressor, the mean fraction of CO 

2
  increased and that of O 

2
  

decreased in the exhaled breath, which was accompanied by an increase in VOCs (p < 0.05,  t -test for 
all comparisons).  

 Figure  23.3a and b  demonstrate comparison of breathing frequency traces between the control  vs.  
n-propanol stressor conditions. As is convincingly seen, breathing frequency increased in 
response to the olfactory stressor. In Fig.  23.4 , in turn, the grand averages of breath frequency 
are presented as a power spectrum analysis. For comparison, the frequency spectra obtained in 
the control condition are superimposed on those from the n-propanol stressor condition; 
Fig.  23.4a and c  shows the spectra pertaining to the Wohler A600 gas analysis, while the 
remaining panels (Fig.  23.4b , d) pertain to the recordings based on the MOS-sensor system 
(p < 0.05,  t -test for all comparisons).   



  Fig. 23.1     Representative breathing raw data comparison  in control  vs.  stressor (n-propanol): ( a ) O 
2
  from Wohler 

A600 analyzer; ( b ) Ohm is the electrical signal recorded by the MOS-sensor as a direct measure of the volatile com-
pounds reacting with the sensing surface of it; ( c ) CO 

2
  from Wohler A600 analyzer; ( d ) VOC is the signal elaborated by 

the MOS-sensor algorithm which express the VOCs concentration. ‘N’ stands for normalized data: N = (x−min)/
(max−min). Note different scales in Y axes       

  Fig. 23.2    C omparisons of the grand averages of raw breathing data  in control  vs.  stressor (n-propanol): ( a ) O 
2
  from 

Wohler A600 analyzer; ( b ) Ohm from MOS-sensor; ( c ) CO 
2
  from Wohler A600 analyzer; ( d ) VOC from MOS-sensor. 

‘N’ stands for normalized data, note different scale in Y axis (p < 0.05 for all comparisons)       
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  Fig. 23.3     Representative comparison of the breath traces  in control ( a )  vs.  stressor (n-propanol) ( b ) from MOS-
sensor system in a subject freely breathing through a nose mask. ‘N’ stands for normalized data       

  Fig. 23.4     Power spectrum analysis of grand averages of breath frequency  in control  vs.  stressor (n-propanol): ( a ) 
O 

2
  from Wohler A600 analyzer; ( b ) Ohm from MOS-sensor; ( c ) CO 

2
  from Wohler A600 analyzer; ( d ) VOC from 

MOS-sensor       

 On the other hand, the volume component of ventilation, represented by breath amplitude, 
decreased in response to the olfactory stressor. The decrease can be seen in the recordings based on 
the MOS-sensor system comparing the breath amplitude in the control  vs.  n-propanol stressor 
conditions (Fig.  23.5 ) (p<0.05 for all, except the VOCs). The opposing alterations in breathing 
frequency and amplitude were con fi rmed by the Ohm signals recorded with the MOS sensor 
(Figs.  23.4  and  23.5 ).   
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    23.4   Discussion 

 Our  fi ndings indicate that the recording system employed in this study was suitable for the analysis of 
the breath exhale content in humans. Interestingly, the system was able to detect and discriminate 
between the exhaled breath content taken from the control condition and that from the stressful 
condition which mimicked exposures to pollutants or hypoxia known to lay a groundwork for the 
development of multiple chemical sensitivity disorder (MCS). Figure  23.6  demonstrates the hypo-
thetical links between the oxygen supply cascade and NO/NOO −  vicious cycle. The key steps are the 
formation of NO and ROS, both of which increase directly or indirectly NMDA receptor activity as 
results of oxidative stress, which could create the basis for the subsequent effects of pollutant exposures 
or hypoxia resulting in MCS symptoms.  

 The bulk matrix of exhale breath is a combination of nitrogen, oxygen, CO 
2
 , H 

2
 O, and inert gases. 

The remaining fraction consists of numerous VOCs with concentrations in a range of parts per million 
(ppm) to parts per trillion (ppt) by volume (Miekisch et al.  2004 ; Phillips et al.  1999 ; Mukhopadhyay 
 2004  ) . The VOCs are generated in the body (endogenous) or may be absorbed as contaminants from 
the environment (exogenous). The composition of VOCs in breath varies widely from person to 
person and alters in pathological conditions, both qualitatively and quantitatively. Although the number 
of VOCs found to-date in human breath is more than 1,000, only a few VOCs are common to all 
humans or characteristic of a given disease. These markers, which include isoprene, pentane, acetone, 
ethane and methanol, etc., are products of core metabolic processes and are especially informative for 
clinical diagnostics (Mukhopadhyay  2004  ) . Notable exception is NO, which is released into the 
airway in case of airway in fl ammation. Testing for variation in the quantity of the endogenous mix 
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  Fig. 23.5     Comparison of breath amplitude  in control  vs.  stressor (n-propanol): ( a ) O 
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and the presence of new compounds can provide valuable information concerning a possible disease 
state. Furthermore, exogenous molecules, such as halogenated organic compounds, can indicate 
recent exposure to drugs or environmental pollutants (Miekisch et al.  2004  ) . 

 The advantages of breath analysis over hitherto existing serum or urine analysis include noninva-
siveness, ease of repetition, no discomfort associated with blood and urine tests; let alone the samples 
closely re fl ect the arterial concentrations of biological substances. Breath analysis could be particu-
larly advantageous when a number of arterial blood samples are required, e.g., in monitoring a patient. 
Breath exhalation also is a much less complicated mixture than serum or urine and is amenable to 
complete analysis of all compounds present, and no work-up of a breath sample is required, in contrast 
to many analyses performed on serum or urine samples. Breath analysis can dynamically in real-time 
monitor the decay of volatile toxic substances in the body (Mukhopadhyay  2004 ; Phillips  1992  ) . 
However, breath testing has its limitations. A considerable problem hampering the use of breath tests 
in clinical practice is the lack of standardization of analytical methods and the wide variation in results 
obtained in different studies and sample collection and pre-concentration are usually necessary 
because most substance concentrations in exhaled breath fall in the nmol/l to pmol/l (ppb to ppt by 
volume) range. Pre-concentration can be achieved by adsorption on sorbent traps, coated  fi bers 
(solid-phase microextraction), or by direct cryofocusation. Standardization of breath sample collec-
tion and pre-concentration is more dif fi cult than that for serum. Different analytical methods may give 
very different results. Another critical issue is a high water content of breath samples, which may 
affect pre-concentration, separation, and detection of single compounds. This is especially true for 
mechanically ventilated patients if active humidi fi ers are used in the respiratory circuit. Compared 
with the simple chemical tests widely used in serum and urine analysis, instruments for breath analysis 
are expensive. At present, the most commonly used method, GC-MS, requires bulky instrumentation, 
is time-consuming, and needs skilled operators. The lack of established links between breath sub-
stances and disease is also a problem. Therefore, in some case, the breath test is not a conclusive 

  Fig. 23.6     Physiological link between oxygen supply cascade and NO/NOO   −    vicious cycle.  Key steps are the forma-
tion of NO and ROS, both increase NMDA receptor activity as a result of oxidative stress which could be a trigger for 
the multiple chemical sensitivity symptoms due to pollutant exposure or hypoxia       
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diagnostic tool, but can be used as a part of a range of diagnostics. However, new MOS-sensor 
based systems could solve part of these problem and are helpful in diagnosis of diseases and the 
assessment of exposure to VOCs. These sensors are activated at ppm concentration by several classes 
of VOCs (both organic and inorganic, e.g.: alcohols, aldehydes, aliphatic hydrocarbons, amines, 
aromatic hydrocarbons, ketones, organic acids, and CO), while correlating directly with the CO 

2
  

levels (Mazzatenta et al.  2011  ) . As our data show, an iAQ-2000 sensor identi fi es breath characteristics 
as Ohm resistance signal and transduces them into VOCs equivalents. These values are directly com-
parable to the measurements obtained with the laboratory control system such as a gas analyzer. 
Furthermore, the signal includes physiological parameters such as breath frequency and amplitude. 
In addition, the test may be self performed by the patient. Thus such test seems advantageous 
compared with other exhale breath tests. 

 The present study demonstrates that the MOS-sensor can discriminate qualitative and quantitative 
variables in the breath concentrations of VOCs and physiological variables. We showed that by com-
paring the variables recorded in healthy subjects in the control non-stimulated condition with those 
obtained from the same subjects exposed to the olfactory n-propanol stressor. The MOS-sensor was 
able to discriminate between the two conditions and showed an increase in VOCs in body response to 
a bad quality of the inhaled air and impending hypoxic condition. The results also help advance a 
biological hypothesis based on the cross interaction between the NO/ONOO −  vicious cycle (Pall  2009  )  
and the oxygen supply cascade linked by two possible pathways, a direct one  via  NO and an indirect 
one trough the oxidative stress-mediated release of ROS resulting in neural sensitization  via  NMDA 
over activation and MCS induction. 

 In conclusion, we submit that the MOS sensor recordings may be useful in as diagnostic, non-invasive 
tests able to detect physiological variables which can validate the existence of an MCS disorder as 
well as for the measurement of VOCs concentrations in threatened environmental conditions.      

   Con fl icts of interest    : The authors declare no con fl icts of interest in relation to this article.  
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  Abstract   In fl ammation, oxidation, lung edema, and other factors participate in surfactant dysfunction 
in meconium aspiration syndrome (MAS). Therefore, we hypothesized that anti-in fl ammatory 
treatment may reverse surfactant dysfunction in the MAS model. Oxygen-ventilated rabbits were given 
meconium intratracheally (25 mg/ml, 4 ml/kg; Mec) or saline (Sal). Thirty minutes later, meconium-
instilled animals were treated by glucocorticoids budesonide (0.25 mg/kg, i.t.) and dexamethasone 
(0.5 mg/kg, i.v.), or phosphodiesterase inhibitors aminophylline (2 mg/kg, i.v.) and olprinone 
(0.2 mg/kg, i.v.), or the antioxidant N-acetylcysteine (10 mg/kg, i.v.). Healthy, non-ventilated animals 
served as controls (Con). At the end of experiments, left lung was lavaged and a differential leukocyte 
count in sediment was estimated. The supernatant of lavage  fl uid was adjusted to a concentration of 
0.5 mg phospholipids/ml. Surfactant quality was evaluated by capillary surfactometer and expressed 
by initial pressure and the time of capillary patency. The right lung was used to determine lung edema 
by wet/dry (W/D) weight ratio. Total antioxidant status (TAS) in blood plasma was evaluated. W/D 
ratio increased and capillary patency time shortened signi fi cantly, whereas the initial pressure increased 
and TAS decreased insigni fi cantly in Sal  vs . Con groups. Meconium instillation potentiated edema 
formation and neutrophil in fl ux into the lungs, reduced capillary patency and TAS, and decreased the 
surfactant quality compared with both Sal and Con groups (p > 0.05). Each of the anti-in fl ammatory 
agents reduced lung edema and neutrophil in fl ux into the lung and partly reversed surfactant dysfunc-
tion in the MAS model, with a superior effect observed after glucocorticoids and the antioxidant 
N-acetylcysteine.  

  Keywords   Antiin fl ammatory treatment  •  In fl ammation  •  Lung  •  Meconium aspiration  •  Surfactant  
•  Antioxidant status  •  Lung edema    
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    24.1   Introduction 

 Pulmonary surfactant is a mixture of phospholipids, neutral lipids, proteins, and saccharides coating 
the conducting airways down to terminal airspaces. Surfactant phospholipids reduce the surface 
tension of air/liquid interphase in alveoli and terminal bronchioles and keep it at low values at the end 
of expiration preventing their collapse. Other components of surfactant – speci fi c proteins – regulate 
the metabolism and secretion of surfactant compounds, enhance the properties of phospholipids and 
participate in immune responses. Forming a barrier between the environment and the body, surfactant 
plays a role also in the  fl uid balance and gas exchange (Robertson and Halliday  1998  ) . 

 Primary surfactant de fi ciency is an underlying cause of the respiratory distress syndrome (RDS) in 
premature newborns, where the surfactant production by alveolar type II cells is insuf fi cient due to 
immaturity of the lungs (Hallman et al.  2001  ) . However, dysfunction of pulmonary surfactant has 
been described also in patients with mature lungs in various forms of respiratory distress caused by 
aspiration of meconium, infections, etc. (Robertson and Halliday  1998 ; Finer  2004  ) . In the meconium 
aspiration syndrome (MAS), function of surfactant may be inhibited by components of meconium, 
plasma proteins leaking through injured alveolo-capillary membrane, or substances released in lung 
in fl ammation (mediators, reactive oxygen species, proteolytic enzymes, etc.; Finer  2004 ; Lopez-
Rodriguez et al.  2011  ) . The situation is worsened by hypoxia from respiratory insuf fi ciency (Jain and 
Sznajder  2005  )  or hyperoxia due to arti fi cial ventilation with high oxygen concentrations (Dombrowsky 
et al.  2006  ) . 

 Acknowledging that dysfunction of alveolar surfactant in MAS is multifaceted; the aim of this 
study was to ascertain the relationship between surfactant properties and in fl ammation, lung 
edema, and hypoxia/hyperoxia in the condition of experimental meconium aspiration. Furthermore, 
this study evaluated to what extent surfactant dysfunction could be reversed by anti-in fl ammatory 
treatment. To the latter end we used the glucocorticoids budesonide and dexamethasone, and the 
phosphodiesterase (PDE) inhibitors aminophylline and olprinone, and  fi nally the antioxidant 
N-acetylcysteine.  

    24.2   Methods 

    24.2.1   Experimental Design 

 The design of experiments was approved by a local Ethics Committee of Jessenius Faculty of 
Medicine in Martin, Slovakia. Rabbits, mean weight 2.5 ± 0.3 kg, were anesthetized with intramuscular 
ketamine (20 mg/kg; Narketan, Vétoquinol, UK) and xylazine (5 mg/kg; Xylariem, Riemser, 
Germany) followed by infusion of ketamine (20 mg/kg/h). Tracheotomy was performed and catheters 
were inserted into the femoral artery and right atrium for sampling the blood, and into the femoral 
vein to administer supplemental doses of anesthetics as required. The animals were paralyzed with 
pipecuronium bromide (0.3 mg/kg/30 min; Arduan, Gedeon Richter, Hungary) and subjected to 
pressure-controlled ventilation (Beat-2, Chirana, Slovakia). All animals were ventilated with fre-
quency of 30/min, fraction of inspired oxygen (FiO 

2
 ) of 0.21, peak inspiratory pressure (PIP) to 

keep a tidal volume (V 
T
 ) between 7–9 ml/kg, with no positive end-expiratory pressure (PEEP) at 

this stage of the experiment. After stabilization, ventilatory parameters were recorded and blood 
samples were taken for blood gas analysis (Rapidlab TM 348, Bayer Diagnostics, Germany). Controls, 
untreated and non-ventilated animals (Con, n = 7) were sacri fi ced by an overdose of anesthetics. 
In additional animals, 4 ml/kg of saline (Sal, n = 7) or meconium suspension (25 mg/ml) was 
instilled into the tracheal tube. From this moment on, animals were ventilated with 100% oxygen. 
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Within 30 min after meconium instillation, respiratory failure developed, de fi ned as >30% decrease 
in dynamic lung-thorax compliance and PaO 

2
  < 10 kPa at FiO 

2
  1.0. Meconium-instilled animals 

were treated by budesonide (Pulmicort inh. susp., Astra Zeneca, 0.25 mg/kg intratracheally, 
Mec + Bud, n = 8), dexamethasone (Dexamed, Medochemie, 0.5 mg/kg i.v., Mec + Dex, n = 8), 
aminophylline (Syntophyllin, Hoechst Biotika, 2 mg/kg i.v., Mec + Amin, n = 7), all three given 0.5 
and 2.5 h after meconium; and by olprinone (Olprinone Hydrochloride, Sigma Aldrich, 0.2 mg/kg 
i.v., Mec + Olp, n = 7) or N-acetylcysteine (ACC Injekt, Sandoz Pharmaceuticals, 10 mg/kg i.v., 
Mec + Acc, n = 7), both given in a single dose 0.5 h after meconium; or animals were left untreated 
(Mec, n = 8). Animals were oxygen-ventilated (FiO 

2
  1.0, PEEP 0.3 kPa, V 

T
  7–9 ml/kg) for additional 

5 h after administration of the  fi rst dose of treatment. At the end of experiments, blood samples 
were taken, centrifuged and plasma stored at −70°C for biochemical analyses. Then, animals were 
killed by an overdose of anesthetics and lungs were excised.  

    24.2.2   Bronchoalveolar Lavage, Lung Edema, 
and Total Antioxidant Status 

 After ligation of the right bronchus, left lungs were lavaged by saline (3 × 10 ml/kg, 37°C). 
Bronchoalveolar lavage (BAL)  fl uid was  fi rstly centrifuged at 1,500 rpm for 10 min to separate cells. 
Samples of BAL showing macroscopic presence of blood were excluded from data analysis. 

 Differential white blood cell (WBC) count in the sediment of BAL  fl uid was evaluated microscopi-
cally after panchromatic Pappenheim staining (May-Grünwald and Giemsa-Romanowsky staining). 

 Supernatant of BAL  fl uid was further centrifuged at 40,000 rpm for 1 h at 4°C to separate large 
surfactant aggregates. The surfactant pellet was then lyophilized and dry mass was resuspended in 
10  m l of standard buffer (3.5 mM CaCl 

2
 , 10 mM HEPES, and 0.5 mM EDTA, pH = 7) (Braun et al. 

 2004  )  to a  fi nal concentration of PL of 0.5 mg PL/ml. Surface activity of BAL  fl uid samples was 
evaluated by capillary surfactometer CS 2005 (Calmia Medical, Canada). Surface properties of the 
 fl uid containing surfactant are assessed indirectly considering a transportability of material through 
the capillary that simulates the terminal conducting airways. During the assessment, the initial 
pressure necessary to transport the sample through the narrow part of the capillary and the per-
centage of the total time (120 s) for which the capillary is open (capillary patency) are measured 
(Fig.  24.1 ). Each sample was measured three times and the mean value was used for  fi nal data 
analysis.  

 To assess lung edema, the right lung was cut out; strips of the tissue were weighed and dried at 
60°C for 24 h to determine the wet/dry (W/D) lung weight ratio expressing lung edema formation. 

 The quanti fi cation of total antioxidant status (TAS) in blood plasma at the end of experiments was 
carried out using ABTS (2,2’-azino-di-[3-ethylbenzthiazoline sulphonate]) radical formation kinetics 
(Randox TAS kit, Randox Laboratories Ltd., UK).  

    24.2.3   Statistical Elaboration 

 Data were expressed as means ± SE. Because of non-parametric distribution of some data, the Kruskal-
Wallis test for between-group comparisons was used. The strength of the associations between the 
surface properties of BAL  fl uid  vs.  the number of neutrophils in BAL, lung edema, and plasma TAS 
concentration were expressed by Pearson’s correlation coef fi cient (r) and Bonferroni probability (p). 
A p < 0.05 was considered statistically signi fi cant. Statistical analysis was made using a commercial 
Systat for Windows package.   
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    24.3   Results 

    24.3.1   Surface Properties of BAL Samples 

 Capillary patency decreased (p < 0.05) and initial pressure showed a trend to increase (p > 0.05) in 
saline-instilled and oxygen-ventilated animals (Sal group) in comparison with non-ventilated controls 
(Con group). More pronounced changes in surface properties of BAL were observed after meconium 
instillation; capillary patency decreased and initial pressure increased in the Mec  vs.  both Con and Sal 
groups (p < 0.001 and p < 0.01, respectively). Administration of anti-in fl ammatory drugs used enhanced 
capillary patency (all p < 0.001) compared with the non-treated Mec group. Moreover, dexamethasone 
(p < 0.01) and aminophylline (p < 0.05) reduced the initial pressure compared with the Mec group 
(Table  24.1 ).   

    24.3.2   Wet/Dry (W/D) Lung Weight Ratio 

 Ventilation with oxygen slightly increased accumulation of edema  fl uid in the lungs in the Sal group 
compared with non-ventilated controls (p < 0.01). A further increase in  fl uid accumulation was 
observed after meconium instillation (p < 0.001 for Mec  vs.  both Sal and Con groups). All the tested 
anti-in fl ammatory drugs showed some anti-edematous effect; the superior action was observed after 
both glucocorticoids and N-acetylcysteine (p < 0.01  vs.  Mec), lower ef fi cacy was after aminophylline 
(p < 0.05  vs.  Mec), and insigni fi cant anti-edematous action was observed after olprinone (p > 0.05  vs . 
Mec) (Table  24.1 ).  

  Fig. 24.1    Scheme of measurements by capillary surfactometer. A small volume of the liquid (0.5  m l) is sucked by a 
micropipette and placed in the upper part of a capillary (ID 0.25 mm) simulating terminal airways (Enhorning  2001  ) . 
The other end of the capillary is connected to a bellow and a pressure transducer. Automatically generated initial pres-
sure extrudes the sample from the narrow part of the capillary. If the sample contains well functioning surfactant, the 
liquid will not return to the narrow part, pressure is abruptly lowered to zero and capillary will be open till the end of 
the measurement. If surfactant is defunct, the liquid returns repeatedly, initial pressure repeatedly increases, and the 
time of capillary patency is reduced       
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    24.3.3   Neutrophils in BAL Fluid 

 Oxygen ventilation did not increase signi fi cantly the number of BAL neutrophils in the Sal group 
compared with the non-ventilated controls (p > 0.05). However, a signi fi cantly higher count of neutro-
phils in BAL  fl uid was found in the Mec group compared with both Sal and Con groups (p < 0.001). 
Anti-in fl ammatory treatment partially reduced the count of neutrophils in BAL  fl uid in comparison 
with the Mec group, with a superior effect observed after both glucocorticoids (p < 0.01 for dexame-
thasone and p < 0.05 for budesonide) and the antioxidant N-acetylcysteine (p < 0.01), while the effects 
of olprinone and aminophylline were insigni fi cant (p > 0.05) (Table  24.1 ).  

    24.3.4   Total Antioxidant Status (TAS) of Blood Plasma 

 TAS decreased slightly in the Sal  vs.  Con group (p > 0.05). However, instillation of meconium 
decreased TAS signi fi cantly in the Mec group  vs.  both Sal (p < 0.05) and Con groups (p < 0.01). The 
decrease in TAS was prevented by treatment, with the strongest effect after dexamethasone and 
N-acetylcysteine (both p < 0.01  vs.  Mec), weaker effect after budesonide and olprinone (both p < 0.05 
 vs.  Mec), and no signi fi cant effect after aminophylline (p > 0.05  vs.  Mec) (Table  24.1 ).  

    24.3.5   Associations Between Surface Properties of BAL 
and BAL Neutrophils and Lung Edema 

 Pearson’s evaluation of the associations between the variables showed negative correlations between 
capillary patency and initial pressure (r = −0.77, p < 0.001), capillary patency and the number of neu-
trophils in BAL  fl uid (r = −0.75, p < 0.001), and capillary patency and wet/dry ratio (r = −0.63, 
p < 0.001). Positive correlations were found between capillary patency and TAS (r = 0.31, p = 0.027), 
the initial pressure and the number of neutrophils in BAL  fl uid (r = 0.61, p < 0.001), and the initial 
pressure and the WD ratio (r = 0.50, p < 0.001) (Table  24.2 ).    

   Table 24.1    Parameters expressing surface activity and in fl ammatory and oxidation markers   

 Capillary patency (%)  Initial pressure (cmH 
2
 O)  W/D ratio  Neu in BAL (%)  Plasma TAS (mmol/l) 

 Con  94.4 ± 2.5  5.8 ± 1.0  4.7 ± 0.2  2.7 ± 1.0  0.88 ± 0.03 
 Sal  50.2 ± 13.4 a   6.5 ± 0.9  5.7 ± 0.2 b   5.1 ± 1.3  0.80 ± 0.05 
 Mec   0.1 ± 0.0 cf   10.0 ± 0.2 ce   7.4 ± 0.2 cf   79.2 ± 4.6 cf   0.70 ± 0.02 bd  
 Mec + Bud  2.2 ± 1.0 i   9.5 ± 0.2  6.0 ± 0.2 h   63.8 ± 5.8 g   0.79 ± 0.03 g  
 Mec + Dex  8.2 ± 3.1 i   7.9 ± 0.5 h   6.1 ± 0.2 h   61.0 ± 5.9 h   0.80 ± 0.02 h  
 Mec + Amin  1.8 ± 0.5 i   9.3 ± 0.2 g   6.5 ± 0.3 g   64.8 ± 9.4  0.74 ± 0.03 
 Mec + Olp  0.9 ± 0.2 i   9.8 ± 0.4  6.7 ± 0.4  69.2 ± 7.9  0.79 ± 0.03 g  
 Mec + Acc  3.7 ± 1.1 i   10.2 ± 0.5  6.0 ± 0.3 h   58.6 ± 8.9 h   0.80 ± 0.03 h  

  Between-group comparisons: for Sal and Mec groups  vs.  Con:  a p < 0.05;  b p < 0.01;  c p < 0.001; for Mec  vs.  Sal group: 
 d p < 0.05;  e p < 0.01;  f p < 0.001; for treated groups  vs.  Mec:  g p < 0.05;  h p < 0.01;  i p < 0.001  

   Table 24.2    Strength of association between surface properties of BALF  vs.  the number of neutrophils in BALF, lung 
edema, and plasma TAS evaluated by Pearson’s correlations (r) and Bonferroni probability (p)   

 Capillary 
patenc y 

 Initial 
pressure 

 Neutrophils 
in BAL  WD ratio  TAS in plasma 

 Capillary patency  –  r = −0.77, 
p < 0.001 

 r = −0.75, 
p<0.001 

 r = −0.63, 
p < 0.001 

 r = 0.31, 
p = 0.027 

 Initial pressure  r = −0.77, 
p < 0.001 

 –  r = 0.61, 
p < 0.001 

 r = 0.50, 
p < 0.001 

 r = −0.13, 
p = 0.381 
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    24.4   Discussion 

 Dysfunction of pulmonary surfactant in MAS is attributed to several factors: components of meconium, 
proteinaceous edema  fl uid, bioactive substances including ROS released during in fl ammation, hypoxia 
due to respiratory insuf fi ciency, and hyperoxia due ventilation with oxygen. In the present study, 
surface properties of BAL  fl uid, lung edema formation, in fl ammation, and oxidative injury were 
compared in meconium-instilled  vs.  saline-instilled animals, and  vs.  non-ventilated healthy controls. 
We found that the extent of lung edema, the number of neutrophils in BAL  fl uid and total antioxidant 
status clearly correlated with changes in the surface properties of BAL  fl uid. Furthermore, our study 
demonstrate that anti-in fl ammatory treatment had a potential to prevent worsening of the surfactant 
properties after meconium instillation, with differences in ef fi cacy depending on the kind of pharma-
cological agent used. 

 Surfactant function may be impaired due to exposure to meconium alone - by hydrophilic fraction 
containing mucopolysaccharides, bile acids, and gastrointestinal enzymes including pancreatic 
phospholipase A 

2
 , and by hydrophobic fraction consisting of cholesterol, free fatty acids, triglycerides, 

and others (Moses et al.  1991 ; Lopez-Rodriguez et al.  2011  ) . The effects of both fractions of meconium 
are additive, whereas the hydrophobic fraction has a stronger impairing effect than the hydrophilic 
one (Moses et al.  1991  ) . As expected, intratracheal administration of meconium led to the develop-
ment of pulmonary edema, neutrophil migration from systematic circulation into the lung, and to a 
signi fi cant decrease of plasma antioxidant status, an indicator of excessive oxidative load. These 
changes correlated well with surfactant dysfunction, expressed by a marked decrease in capillary pat-
ency requiring a higher initial pressure, which is suggestive of the role of lung edema, in fl ammation, 
and oxidation in the process of surfactant dysfunction in MAS. 

 In the treatment of MAS, several anti-in fl ammatory drugs have been tested with intent to mitigate 
surfactant inactivation secondary to the in fl ammatory and oxidative lung injury; the effects of these 
drugs have not yet been clari fi ed. However, we should also consider the contribution of direct surfac-
tant stimulating action of some agents, e.g., glucocorticoids (Brownfoot et al.  2008  )  or aminophylline 
(Barnes  2005  ) . 

 In the present study, treatment with glucocorticoids – intravenous dexamethasone and intratracheal 
budesonide – signi fi cantly suppressed pulmonary edema formation, neutrophil migration, and oxidative 
load, showing an ef fi cient in fl uence of glucocorticoids at various levels of the in fl ammatory cascade. 
However, the effects of the glucocorticoids on surfactant inactivation differed from each other. While 
dexamethasone succeeded in decreasing the initial pressure necessary to open the capillary and also 
heighten capillary patency, budesonide did not affect the initial pressure. There are several plausible 
explanations of such difference. The  fi rst one results from lipophilicity of glucocorticoids (Fernandes 
et al.  2005  ) . Considering aqueous basis of meconium, the meconium layer could form a mechanical bar-
rier between intratracheally administered remedy and injured tissue. Moreover, budesonide was admin-
istered in a dose half smaller than that of dexamethasone, which could provide just a partial preventing 
effect. A second explanation of lower ef fi cacy of the intratracheally administered glucocorticoid may be 
related to a high number of activated neutrophils in the lungs and airways. Excessive production of 
reactive species may cause characteristic resistance of glucocorticoids to the anti-in fl ammatory effects, 
particularly after their local administration, as it has veri fi ed in other respiratory disease with neutrophil-
induced in fl ammation – chronic obstructive pulmonary disease (COPD) (Barnes  2005  ) . 

 Another agent used in this study which effectively ameliorated oxidation, lung edema, and 
decreased the neutrophil count was N-acetylcysteine. It is known that the presence of oxidative stress 
may induce chemotactic reactions (Petrone et al.  1980  )  due probably to activation of toll-like recep-
tors and by stimulating interleukins (Yanagisawa et al.  2009  ) . Thus, prevention of ROS formation 
should mitigate the in fl ammatory processes such as neutrophil migration and edema. Nevertheless, 
we observed just a partial improvement of surfactant properties after N-acetylcysteine, as the capillary 
patency increased but the initial pressure was not reduced after the treatment. 
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 The other anti-in fl ammatory agents olprinone and aminophylline, phosphodiesterase (PDE) 
inhibitors, used in the present study are known to have bronchodilator and spasmolytic effects  via  
preventing the degradation of cyclic adenosine and guanosine monophosphate (Hirota et al.  2001 ; 
Barnes  2005  ) . However, their effects differed regarding MAS. The non-selective PDE inhibitor 
aminophylline improved surfactant surface activity, resulting in a higher capillary patency, lower 
initial pressure, and a reduced W/D ratio, but its effects on neutrophils and ROS formation was 
weaker than those of glucocorticoids or N-acetylcysteine. On the other hand, the selective PDE3 
inhibitor olprinone was capable of lowering the oxidative load, and hence partially improved 
surfactant activity, but it did not affect the initial pressure and other in fl ammatory parameters. The 
differences between the two PDE inhibitors are probably caused by the capability of olprinone to 
produce a more potent pulmonary vasodilation and to reduce oxidative stress through inhibition of 
PDE3, whereas the action of aminophylline is equipotent  via  inhibition of all phosphodiesterases, 
antagonism of adenosine receptors, or the effects on in fl ammatory genes (Hashimoto et al.  2000 ; 
Barnes  2005  ) . 

 In conclusion, changes in surface properties of BAL  fl uid after meconium instillation clearly 
correlated with lung edema formation, the number of neutrophils in BAL, and TAS in plasma. Anti-
in fl ammatory treatment demonstrated some potential to prevent worsening of the surfactant proper-
ties after meconium instillation into the trachea, with differences present among individual 
pharmacological agents.      
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  Abstract   In this study we investigated microcirculation in the lungs in their  in situ  physiological 
location inside the thorax. The study was performed with the use of a system of contact optics. 
A ‘window’, 4 × 4 mm in size, was made in thorax tissues and pleura of an anaesthetized rat. The lung 
collapsed and then was  fi lled with oxygen or hypoxic gas mixture under the pressure of 10–15 cm 
H 

2
 O through a tracheostomic canula. This almost excluded the respiratory movements of the lung. 

Then, the lung was brought in contact with a lens (1.7 mm aperture). We showed that there is a whole 
system of wide microvessels (20–30  m m in diameter) which run between the alveoli; the  fi nding 
contradicting the hitherto notion that each alveolus is supplied with blood  via  the thinnest (5–10  m m 
in diameter) lung arterioles. The microvessels we visualized surround each alveolus almost from 
all sides. In this way, each alveolus receives a maximum amount of blood. Such a structure of lung 
circulation accounts for a substantial blood  fl ow through the lungs (up to 6 l per min in humans) and 
for a rapid saturation of the blood with oxygen (about 100 ml per second). The alveoli saturate the 
blood with oxygen and subsequently the microvessels form the lung veins entering the left auricle. 
The photographs and video  fi lms of the alveoli at a high magni fi cation were presented, demonstrate 
the special features of the structure and circulation in the alveoli. The plausible mechanisms of rapid 
saturation of the blood with oxygen are discussed.  

  Keywords   Lung  •  Microcirculation  •  Alveoli  •  Blood  fl ow  •  Oxygen saturation    

    25.1   Introduction 

 Microcirculation is the most important component of circulation. The study of microcirculation is 
hampered by a substantial variability of its physiological parameters. For example, according to our 
data the rate of capillary blood  fl ow in various capillaries of the brain and muscles may differ by a 
factor of almost 20; from 0.1 to 1.8–2.0 mm/s. To determine the average rate of microcirculation in 
various physiological states it is necessary to plot a histogram of the rates in a certain, rather large 
number of capillaries. It is interesting that the blood  fl ow even in the same capillary occurs by peculiar 
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impulses, i.e., with momentary changes in the rate. This appeared to be associated with leukocytes 
passing through the capillaries, since they have a greater volume than erythrocytes by a factor of 
2.0–2.5. Hence, a leukocyte passing through a capillary slows down the capillary blood  fl ow for a time 
(Dvoretskii  1980 ; Ivanov et al.  1981,   1985  ) . Since the leukocytes entering capillaries are an unpredict-
able process, changes in the blood  fl ow rate in the capillaries in time are also unpredictable. In a 
detailed study of the microcirculation processes we have been able to show that, contrary to almost 
100 years old Krog’s paradigm stating that the gas exchange between the blood and tissues occurs only 
in the capillaries, the brain receives almost 30% of oxygen through the walls of the brain arterioles 
25–15  m m in diameter (Dvoretskii  1980  ) . The special features of the physiology of microcirculation 
in the brain, muscles, and liver are given in the published works and in our numerous studies 
(Ivanov et al.  1979,   1981,   1985 ; Ivanov  1993,   2001 ; Komkov  2004 ; Duling et al.  1979 ; Hornsfeld 
 1989 ; Renkin  1984 ; Zweifach and Lipowsky  1984  ) . 

 Microcirculation in the lungs is very complicated to investigate and at the same time is of great 
interest, since it deals with the most important process of life – the blood saturation with oxygen. The lung 
structure (Komkov  2004 ; Hornsfeld  1989 ; Weibel  1984,   1989  )  and its hemodynamics (Komkov  2004 ; 
Dvoretskii and Tkachenko  1987 ; West  1988  )  are described in a number of monographs and reviews. 
Nevertheless, up to now we have no generally accepted scheme of the structure of the microcircula-
tion system in the lungs. There are only rather old ideas about the blood supply of alveoli. According 
to these ideas, the alveoli are hanging like grapes on thin pulmonary arterioles. These ideas advanced 
as long ago as in 1947 by Miller  (  1947  )  have been retained till today. The same structure of the lung 
microcirculation is given in a modern text book on fundamental physiology (Komkov  2004  ) . There is 
a series of problems waiting to be solved. First, whether all the alveoli receive the blood only  via  
individual lung arterioles or several alveoli or the multitude of alveoli is supplied from the same 
source, and the blood saturation with oxygen occurs successively. This problem was put forward by 
Weibel  (  1984,   1989  ) , Dvoretskii and Tkachenko  (  1987  ) , and others. It is of special signi fi cance, since 
it deals with the features of the general construction of microcirculation in the lungs. The second 
problem is of more complicated nature. The matter is that the lungs are the organs with comparatively 
small mass. In humans, they weigh only 600 g. However, under physiological conditions they let pass 
up to 6 l of blood per min, i.e., the minute volume of the heart. This is a very large volume of the 
blood. Let us compare the circulation in the brain, 15% of the blood output passing it, i.e., 900 ml of 
blood, although the brain weighs 1,500 g on average, which means greater by a factor of 2.5 than the 
lungs. In other words, the amount of blood passing through the lungs is seven times as large as that 
passing through the brain (West  1988  ) . The question arises: what must be the construction of the lung 
microcirculation, if it is able of transmitting such a large amount of blood per minute. The third problem 
is concerned with the blood oxygenation. How can such a large amount of blood be oxygenated 
completely during 1 min? This is even a more dif fi cult problem, since it is concerned with a large 
number of important problems of oxygen diffusion, blood physiology, and lung circulation. 

 In this experimental work we tried to elucidate these problems to the extent possible.  

    25.2   Methods 

 The study was approved by a local Ethics Committee and was performed according to the international 
guidance concerning Care and Welfare of Experimental Animals. 

 The work was carried out in anesthetized rats (Nembutal 40 mg/kg). Altogether, ten rats weighing 
from 200 to 230 g were used. We made a ‘window’ in the thorax of the animals 4 × 4 mm in size with 
a rib resected. A fraction of pleura above the ‘window’ was removed. The lung was  fi lled with oxygen 
through a catheter inserted into the tracheostomic canula up to the trachea brunching. A special 
objective of a contact microscope was  fi tted through the ‘window’ into the thorax. It touched the lung 
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surface, the latter remaining in the thorax in a physiological position. The photographs were made at 
a small magni fi cation, when 10–15 alveoli were photographed at once. The photographs of one or two 
alveoli were made at greater magni fi cation.  

    25.3   Results 

 We were able to take a series of panoramic photographs of the lung surface (the panoramic photo-
graphs are those made from above the subject). We managed to imprint several (from 10 to 15) alveoli 
at once and wide blood  fl ows between them. The blood  fl ows between the alveoli had the width of 
about 20–40  m m. Given a good oxygen supply of the lungs, the bright red blood moved along these 
ducts. In separate parts of these ducts between the alveoli there were rare sites with the blood of darker 
venous color. The apexes of alveoli had dark red or grayish brown color. Moreover, at a greater 
magni fi cation we made separate photographs of one or two alveoli. These photographs showed that 
each alveolus is surrounded with powerful blood  fl ows. Each  fl ow was 20–40  m m in width. 
Corresponding patterns are given in Fig.  25.1a and b . The direction of the blood  fl ows along the ducts 
between the alveoli could be observed in video  fi lms. Along all the ducts, the blood moved in one 
direction – from one visual angle to the opposite visual angle. The motion was very quick; hence it 
appeared impossible to estimate its rate in separate experiments.   

  Fig. 25.1     Panoramic 
photographs of microvessels 
in-between rat lung alveoli. 
(a)  Several alveoli at once 
and the blood  fl ows between 
them. The width of the blood 
 fl ows between the alveoli 
is 20–40  m m;  (b)  A large 
alveolus from the middle 
fraction of the rat lung. The 
alveolus is surrounded with 
powerful blood  fl ows, their 
width is 20–40  m m. The 
 arrows  show the direction 
of the blood  fl ow       
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    25.4   Discussion 

 Photographs of the lung surface under physiological conditions (inside the thorax) show that the 
alveoli are located in parallel rows on the lung surface. Separate alveoli seem to have no individual 
blood supply. We suggest that the wide blood  fl ows (which we call ‘rivers of blood’) lying between 
the alveoli are microvessels starting from the lung arterioles  fi lled with venous blood. As the blood 
 fl ows between the alveoli, a fraction of the blood from these microvessels pours to the alveoli. The 
blood gets saturated with oxygen there and again, as we suppose, enters the duct (the ‘river of blood’). 
In the following alveoli, the blood is additionally saturated with oxygen. The area of the blood  fl ows 
between the alveoli comprises about 30% of the total area of the alveoli. This suggests that the 
volumes of these large microvessels and alveoli are almost in the same ratio. The capability of the 
lungs to let pass a very large volume of the blood (up to 6 l per min) is accounted for by a great amount 
of very wide and capacious microvessels lying between the alveoli. In the capillaries of the brain, the 
average rate of the blood  fl ow is about 1 cm/s (Ivanov et al.  1981,   1985 ; Ivanov  1993  ) . Since the rate 
of the total blood  fl ow in the lungs is by a factor of 7 greater than that in the brain, we can say with a 
fair degree of con fi dence that the volume blood  fl owing through the wide ducts between the alveoli is 
also greater by a factor of about 7 than that in the brain capillaries. All these numerical relationships 
are essentially approximate. However, they allow us to understand why the lungs having a very small 
mass are capable of letting pass such a large amount of the blood through them. 

 About a high rate of saturating a very large volume of the blood in the lungs we can say the 
following. First, the rate of oxygenating the blood is well known to exceed the rate of deoxygenating 
the blood by a factor of 2–3. This is the  fi rst explanation of a high rate of oxygenating the blood 
in the lungs. But the matter is not only in this. The second reason consists in the fact that oxygenating 
the blood in the alveoli occurs very intensively because the alveolus wall is about 0.2  m m thick at 
60% of its surface (Weibel  1984  ) . This accelerates manyfold the diffusion of oxygen from the air 
of the alveoli into the blood. 

 It is interesting that we never saw any separate capillaries in the alveoli walls, though our means for 
magni fi cation are suf fi cient enough to see the capillaries only 4–5  m m thick. Consequently, the blood seems 
to form lacunas at the walls of alveoli as a continuous thinnest layer of the blood without barriers, which 
facilitates the gas exchange. There is one more reason. In 1980, Dvoretskii  (  1980  )  and Conhaim  (  1980  )  
found the capability of the lungs to saturate the venous blood in the pulmonary arterioles, i.e., even before 
the alveoli. This property might contribute to the acceleration of the blood saturation with oxygen. 

 We answered the questions raised in this work only partially, making some proposals based on the 
obtained facts. The panoramic photographs of many alveoli at once and of separate alveoli bear much 
information, which still needs to be deciphered. A lot of interesting material is given also by the video 
 fi lms representing the special features of the blood motion in the wide capillaries and on the alveoli 
walls. This is a completely special demonstration material. Unfortunately, video  fi lms are impossible 
to be given in a journal. We hope that in the nearest future a possibility will appear to supply each 
paper with the disks describing the blood motion. Then, it will be possible to determine the direction 
and rate of the blood  fl ow.      

   Con fl icts of interest     :  The authors declare no con fl icts of interest in relation to this article.  

      References 

    Conhaim, R. L. (1980). Re fl ection spectrophotometric measurement of O 
2
  uptake in pulmonary arterioles of cats. 

 Journal of Applied Physiology, 48 , 848–856.  
    Duling, B. R., Kushinsky, W., & Wahl, M. (1979). Measurements of the perivascular PO 

2
  in the vicinity of pial vessels. 

 P fl ügers Archiv, 383 , 29–34.  



20125 Microcirculation in the Lungs: Special Features of Construction and Dynamics

    Dvoretskii, D. P. (1980). Extracapillary oxygenation of the blood.  Fiziol J SSSR, 66 , 1522–1529.  
    Dvoretskii, D. P., & Tkachenko, B. I. (1987).  Hemodynamics in the lungs . Moscow: Medicine.  
    Hornsfeld, K. (1989). Functional morphology of the pulmonary vasculature.  Respiration Physiology, 40 , 499–532.  
    Ivanov, K. P. (1993).  Principles of energetics of an organism  (Vol. 2). Sankt-Petersburg: Nauka.  
    Ivanov, K. P. (2001).  Principles of energetics of an organism  (Vol. 3). Sankt-Petersburg: Nauka.  
    Ivanov, K. P., Derii, M. O., & Samoilov, M. O. (1979). Oxygen diffusion from arterioles.  Doklady Akademia Nauk 

SSSR, 244 , 1509–1513.  
    Ivanov, K. P., Kalinina, M. K., & Levkovich, Yu. I. (1981). Blood  fl ow velocity in capillaries.  Microvascular Research, 

22 , 143–155.  
    Ivanov, K. P., Kalinina, M. K., & Levkovich, Yu. I. (1985). Microcirculation velocity.  Microvascular Research, 30 , 

10–18.  
   Komkov, A. V. (Ed.). (2004).  Fundamental and clinical Physiology . Textbook. Moscow: Akademiya.  
    Miller, W. S. (1947).  The lung  (p. 210). Spring fi eld/Baltimore: Thomas.  
      Renkin, E. M. (1984). Control of microcirculation. In E. M. Renkin, C. C. Michel, & S. R. Geiger (Eds.), Handbook of 

physiology, Sect. 2: The cardiovascular system (Vol. 4, Part 2, pp. 627–688). Bethesda: American Physiological 
Society.  

    Weibel, E. R. (1984).  The pathway for oxygen . Cambridge: Harvard University Press.  
    Weibel, E. R. (1989). Lung morphometry.  Respiration Physiology, 40 , 1–56.  
    West, J. (1988).  Respiration physiology . Moscow: Mir.  
   Zweifach, B.W., & Lipowsky, H.H. (1984). Pressure- fl ow relation in blood and lymph microcirculation. In E. M. Renkin, 

C. C. Michel (Eds.), Handbook of physiology, Sect. 2: The cardiovascular system (Vol. 4, Part 1, pp. 217–250). 
Bethesda: American Physiological Society.    



203M. Pokorski (ed.), Respiratory Regulation - The Molecular Approach, 
Advances in Experimental Medicine and Biology 756, DOI 10.1007/978-94-007-4549-0_26, 
© Springer Science+Business Media Dordrecht 2013

  Abstract   Vascular immunotargeting of catalase  via  angiotensin-converting-enzyme (ACE) attenu-
ated lung ischemia reperfusion injury in the rat. As this might be a promising modality for extension 
of the viability of human lung grafts for transplantation we tested the hypothesis whether anti-ACE 
antibodies are suitable for human lung protection within the model of isolated perfused and ventilated 
human lung resections. Right after surgery for lung cancer, human lung specimens were isolated, 
ventilated and perfused under physiological conditions with 500  m g of either mouse monoclonal anti-
bodies (mAb) to human ACE (9B9, I2H5, 3G8) or non-immune mouse IgG (as a negative control) 
followed by wash-out perfusion. Perfusion pressure, pH and lung weight gain were measured before 
and during perfusion. After mAb perfusion and wash-out perfusion period lung tissue was tested for 
the uptake of mAbs by immunohistochemistry and by enzyme-capture technique. Furthermore, anti-
body concentration and ACE shedding were measured within the perfusate. We found that ACE activ-
ity in tumor and normal lung tissue did not differ between the groups perfused with different mAbs. 
However, ACE activity in normal lung tissue (17.0 ± 6.0 U/g) was signi fi cantly higher compared to 
tumor tissue (6.0 ± 3.0; p < 0.01). Absolute retaining of mAbs was with 1.3 ± 1.1% of injected dose per 
gram of tissue in normal lung tissue, 0.7 ± 0.7% of injected dose per gram of tumor tissue and was 
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signi fi cantly higher compared to non-immune mouse IgG (0.1 ± 0.1%/g; p < 0.01). Anti-ACE mAbs 
concentration in the perfusate dropped signi fi cantly to 47 ± 11% (p < 0.001) at 40 min of perfusion. No 
signi fi cant difference between different anti-ACE mAbs in the depletion from perfusate has been 
observed. mAb 9B9 showed the most intense immunostaining (i.e., most signi fi cant lung uptake) after 
each experiment in normal and tumor lung tissue compared to mAbs i2H5 and 3G8 (p < 0.01). These 
results validate the possibility of immunotargeting of pulmonary endothelium in the human lung tis-
sue by anti-ACE mAbs under  in vivo  conditions. Furthermore, the model might be useful to investi-
gate targeted therapies in lung cancer without side effects for the patient.  

  Keywords   Angiotensin converting enzyme  •  Pulmonary endothelium  •  Lung cancer  •  Lung trans-
plantation  •  Lung perfusion    

    26.1   Introduction 

 The concept of immunotargeting of antioxidative enzymes into pulmonary endothelium for alleviation 
of lung oxidative injury, including ischemia-reperfusion (I/R) injury in lung transplantation, has been 
successfully demonstrated with monoclonal antibodies to several endothelial antigens: angiotensin-
converting enzyme-ACE (Atochina et al.  1998 ; Muzykantov et al.  1996a ; Danilov et al.  2001 ; Nowak 
et al.  2007b,   2010  ) , inter-cellular adhesion molecule (ICAM-I) (Christo fi dou-Solomidou et al.  2002, 
  2003  )  or platelet/endothelial cell adhesion molecule (PECAM) (Kozower et al.  2003  ) . 

 However, the preferential expression of ACE in pulmonary capillaries (Morell et al.  1995 ; Danilov 
et al.  2001  )  makes it the most optimal target for therapy directed toward the pulmonary endothelium 
(Danilov et al.  1991,   2001 ; Balyasnikova et al.  2002b  ) . We demonstrated that anti-ACE mAbs could 
serve as speci fi c carriers for the delivery of therapeutic substances and therapeutic genes to the 
lung vasculature (Danilov et al.  1991,   2001 ; Atochina et al.  1997,   1998 ; Reynolds et al.  2000,   2001  ) . 
By targeting catalase to the pulmonary endothelium  via  conjugation with anti-ACE antibodies we 
were able to limit I/R injury of the lung in rat models  in vivo  (Nowak et al.  2007b,   2010  ) . Nevertheless it 
remains unclear, whether anti-ACE mAbs are suitable for targeting human lung endothelial cells. 
Therefore, in the present study we investigated the speci fi c uptake of several anti-human ACE mAbs in 
isolated ventilated and perfused lung resections of lung cancer patients.  

    26.2   Methods 

    26.2.1   Selection of Specimens and Tissue Procurement 

 All experiments have been approved by the Ethics Committee of the Mannheim University Medical 
Center and written informed consent from the patient was obtained. 

 Operative specimen of eight males (63.4 ± 8.5 years) and  fi ve females (59.6 ± 7.2 years) undergoing 
elective lobectomy for lung cancer were obtained for isolated ventilation and perfusion. Patient details 
including sex, age, and type of surgery and histological subtyping of lung cancer are shown in 
Table  26.1 .  

 Surgery of lung resections was performed and time points of cross-clamping of the vessels and 
bronchus were documented. After resection, the specimen was taken directly to the laboratory to be 
connected to the perfusion/ventilation system as described (Nowak et al.  2007a  ) . Histological assess-
ment of the resection specimen followed after perfusion consented by the pathologist.  
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    26.2.2   Ventilation-Perfusion System 

 Isolated lung ventilation and perfusion has been performed as described earlier in a recirculating 
manner under standardized physiologic conditions (Nowak et al.  2007a  ) . 

 Total volume of the perfusate was 1.5 l. A physiological salt solution supplemented with albumin 
was used throughout the experiments as described (Nowak et al.  2007a  ) . The perfusate was divided 
into solution A (1.3 l) and solution B (200 ml). Different speci fi c anti-ACE mAbs or non-immune 
mouse IgG (as a negative control) was added to solution B at a dose of 500  m g. 

 Ventilatory parameters, inspiratory peak pressure and inspiratory tidal volume were documented 
throughout the experiments. Perfusion pressures were kept below 20 mmHg systolic PAP. 

 Stable temperatures of perfusate and specimen were ensured by continuous monitoring within the 
water-warmed perfusion reservoir and within the incubator. The pH value was continuously monitored 
in the perfusion reservoir. Values of pH, PCO 

2
 , PO 

2
  and base excess (BE) were monitored during each 

experiment by an ABL 50 blood gas analyzer (Radiometer, Copenhagen, Denmark).  

    26.2.3   Antibody Perfusion and Study Groups 

 Three different mouse anti-human ACE mAbs recognizing different epitopes on the N domain of 
human ACE were compared in this study for their ability to accumulate in the human lung during 
warm lung perfusion -9B9 (Danilov et al.  1994,   2001 ; Balyasnikova et al.  2002b ; Gordon et al.  2010  ) , 
i2H5 (Balyasnikova et al.  2002b ; Danilov et al.  1994 ; Skirgello et al.  2006  )  and 3G8 (Danilov et al. 
 1994 ; Gordon et al.  2010  ) . 

 After an equilibration phase of 10 min with perfusion solution A, lung perfusion was performed 
with solution B, where 500  m g of mouse anti-human ACE mAbs i2H5, 3G8 or 9B9 (each n = 3) or 
non-immune mouse IgG (n = 3) were added. Lung perfusion with mAbs was performed in a recircu-
lating manner over a period of 40 min. Thereafter a washout period with solution A followed over 
20 min.  

   Table 26.1    Patient characteristics   

 Antibody  Age  Sex  UICC  TNM  Histology  Therapy 

 Mouse  gG   73  m  IA  pT1 pN0 G2  Bronchial carcinoid  Right UL 
 61  f  IIIB  pT2 pN2 G2  Adenocarcinoma  Left UL 
 69  f  IB  pT2 pN0 G2  Adenocarcinoma  Right LL 

 ACE  9B9   60  m  n.a.  n.a.  Calci fi cating pneumonia  Left UL 
 65  m  IIIA  pT2 pN1 G3  Squamous carcinoma  Left LL 
 73  m  IB  pT2 pN0 G2  Adenocarcinoma  Right UL 

 ACE  i2H5   57  m  IB  pT2 pN0 G2  Adenocarcinoma  Right UL 
 49  f  IB  pT2 pN0 G3  Adenocarcinoma  Left UL 
 58  f  IA  pT1 pN0 G2  Squamous carcinoma  Right UL 

 ACE  3G8   66  m  IB  pT2 pN0 G2  Adenocarcinoma  Right UL 
 62  m  IA  pT1 pN0 G3  Squamous carcinoma  Left LL 
  1  m  IA  pT2 pN1 G2  Squamous carcinoma  Left pneumectomy 

  Patient characteristics including age, sex, therapy: resection type ( UL  upper lobe,  LL  lower lobe) and neoadjuvant treat-
ment (NA), UICC and TNM classi fi cation and histology are presented for each type of antibody. In a 60 year old male 
perfused with ACE 9B9 mAb, histology turned out to be a calci fi cating pneumonia instead of a primarily supposed lung 
cancer with pneumonia. TNM and UICC where therefore not applicable (n.a.) in that very case  
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    26.2.4   Detection and Quanti fi cation of Lung Accumulation 
of mAbs to ACE 

  Qualitatively  lung uptake of anti-ACE mAbs was detected immunohistochemically. The primary 
antibodies used are listed in Table  26.1 . After perfusion, all tissues were snap frozen and stored 
in liquid nitrogen. Tissues were sectioned at 5  m m by a cryostat microtome (Modell HM 560, 
FA Microm, Germany). The slides were air-dried at room temperature for 12–24 h and stored at 
−30°C. Immunohistochemistry was performed using the anti-mouse alkaline-phosphatase-anti-
alkaline-phosphatase (APAAP) technique with standardized protocol (Dako Cytomation). Sections 
were incubated by the secondary rabbit anti-mouse immunoglobulin (1:40, Dako Cytomation) and 
the mouse APAAP complex (1:50, Dako Cytomation) twice. Each step lasted 30 min at RT. Alkaline 
phosphatase substrate reaction with new fuchsin (100  m g/ml) and levamisole (400  m g/ml) was performed 
for 20 min at RT. Sections were counterstained with hematoxylin and mounted in gelatin. The levels 
of immunoreactivity in different renal cells and compartments were scored into four subgroups 
as follows: 0 = no expression detectable, 1 = slight expression, 2 = moderate expression and 3 = strong 
expression. 

  Quantitatively  lung uptake of these mAbs was detected and quanti fi ed using a variant of 
enzyme-capture immunoassay. Piece of normal lung or cancer tissue (0.5–1 g) was homoge-
nized in 5 ml volume of PBS buffer, containing 0.5% of Triton-X-100 (for solubilization of 
membrane-bound form of tissue ACE and mAbs bind to this form). Then the supernatants (after 
centrifugation at 10000  g  for 15 min) were added to the wells of 96-well plate, coated (50  m l, 
10  m g/ml, overnight at 4°C) with af fi nity puri fi ed goat polyclonal anti-mouse IgG antibodies 
(Danilov et al.  1994  ) . Speci fi c mouse anti-human ACE mAbs, which accumulated in the lung 
tissue during perfusion, were captured to the bottom of the wells of 96-well plates by goat-anti-
mouse IgG, adsorbed to the bottom of these wells. Part of the membrane-bound ACE, solubi-
lized from the lung tissue, bind to speci fi c mAbs to ACE, that were present in this piece of lung 
tissue, and thus was precipitated (captured) by goat-anti-mouse IgG adsorbed on the bottom of 
the wells. After washing out of the unbound mouse IgG (speci fi c or non-speci fi c) a substrate for 
ACE (Hip-His-Leu, 5 mM) was added directly into the well, and precipitated ACE activity was 
quanti fi ed. Therefore, the amount of mAbs to ACE uptake during perfusion of lung tissues was 
measured  via  quanti fi cation of ACE, bound by these mAbs accumulating in the lung and 
 precipitated by goat antibodies to mouse IgG. 

 Disappearance of mouse-anti-human ACE mAbs from perfusate during long perfusion was 
quanti fi ed by another variant of this immune-capture assay. Aliquots of the perfusates, containing 
decreasing (with time) concentrations of antibodies (mouse IgG) were incubated with microtiter 
plates coated with goat-anti-mouse IgG. Then,  fi xed amount of human ACE (supernatants of human 
lung homogenate-10 mU/ml) was added to each well. The depletion of mAbs to ACE from perfusate 
during perfusion of lung tissues was measured  via  quanti fi cation of ACE, bound by these mAbs pre-
cipitated by goat antibodies to mouse IgG.  

    26.2.5   Statistical Analysis 

 Statistical differences in the studied parameters between groups were determined with a double 
sided U-Test (SPSS scienti fi c software, Version 14.1, USA). Results are given in mean ± SD in 
the text and are displayed in mean ± SE. Tests with p < 0.05 were considered as statistical 
signi fi cant.   
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    26.3   Results 

    26.3.1   Immunohistochemical Detection of mAbs 
to ACE Accumulating in the Lung 

 Lung uptake of anti-ACE mAbs was detected by immunohistochemistry. In perfused lung and tumor 
tissues monoclonal anti-human ACE antibodies (mAbs 9B9, i2H5, 3G8) accumulated in endothelial 
cells of capillaries, arterioles and small muscle arteries (Fig.  26.1a–d ). ACE containing alveolar mac-
rophages remained negative, serving as an internal control (Fig.  26.1a , c).  

  Fig. 26.1     Lung uptake of anti-ACE mAbs detected by immunohistochemistry.  In the perfused lungs anti-ACE 
mAbs accumulate grossly in endothelial cells of alveolar capillaries of lung tissue (a and c) and in endothelial cells of 
the tumor vascularization (b and d)- red  color. ACE containing alveolar macrophages are negative ( arrow  in d) as they 
are localized in the depth of lung tissue and did not get in contact with anti-ACE mAbs during the perfusion period. 
Lung perfusion with non-immune mouse IgG showed no speci fi c mouse IgG binding to lung endothelium (e and f). 
A/B, anti ACE mAb 9B9; C/D, anti ACE mAb i2H5; E/F, mouse IgG. Original magni fi cation A to F ×20, APAAP       
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 In contrast, lung and tumor tissues perfused by the non-speci fi c mouse IgG were negative for both 
endothelial cells and macrophages (Fig.  26.1e , f). In general, the mAb 9B9 showed the most intense 
binding after each experiment in normal and tumor lung tissue compared to i2H5 and 3G8 (Fig.  26.1 , 
Table  26.2 ).   

    26.3.2   Quanti fi cation of Lung Uptake of Mouse 
Anti-human ACE mAbs 

 As we described in the methods section, the amount of mAbs bound to ACE in the human lung during 
perfusion of lung tissues was measured  via  quanti fi cation of ACE, bound by these mAbs after uptake 
within the lung and precipitated by goat antibodies to mouse IgG. 

 ACE activity solubilized from tumor and normal lung tissue by detergent (Triton X-100) did 
not differ between the groups with different anti-ACE mAbs. However, ACE activity in normal 
lung tissue (17.0 ± 6.0 U/g) was signi fi cantly higher compared to tumor tissue (6.0 ± 3.0; p < 0.01, 
Fig.  26.2 ).  

   Table 26.2    Intensity of immunostaining in lung tissues after perfusion 
with anti-ACE mAbs   

 mAbs  Lung  Tumor 

 IgG  0  0 
 3G8  1.5  1.3 
 i2H5  1.7  0.7 
 9B9  2.7  2.0 

  Immunostaining of lung and tumor tissue was not positive for lungs 
perfused with non-immune mouse IgG (negative control). Anti-ACE 
mAb 9B9 showed strongest staining in the lung and tumor tissue 
compared to other applied anti-ACE antibodies- i2H5 and 3G8. 
Semi-quanti fi cation of the intensity of immunostaining was per-
formed as described in Material and Methods  

  Fig. 26.2     ACE activity in the perfused lung tissues.  ACE activity was measured in lung tissue (  fi lled bars ) and tumor 
tissue ( open bars ) at the end of each perfusion experiment  fl uorimetrically with ZPHL as substrate. Lowest ACE 
activity was found in tumor tissue of 3G8 perfused specimen. The differences between lung tissue and tumor tissue were 
greater in 3G8 and i2H5. The differences did not reached statistical signi fi cance due to the limited numbers of lung 
specimens (n = 3). Overall in mean of all three ACE mAbs (ACE mAbs) perfused lungs (9B9, 3G8, i2H5) ACE activity 
was signi fi cantly higher in lung tissue compared to tumor tissue (p < 0.01)       
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 Absolute retaining of anti-ACE mAbs was 1.3 ± 1% of the injected dose per gram of tissue in normal 
lung and 0.7 ± 0.7% of injected dose/g in tumor tissue. Both in tumor and healthy lung tissue anti-ACE 
mAbs retaining was signi fi cantly higher compared with negative control (non-immune mouse IgG) 
(0.1 ± 0.1%/g; p < 0.01; Fig.  26.3 ). Therefore, all three tested mouse mAbs to human ACE speci fi cally 
accumulate in the human lung after perfusion of lung lobes.  

 We also quanti fi ed the disappearance of anti-ACE mAbs from the perfusate during long 
(40 min) recirculating perfusion. In the perfusate, concentration of anti-ACE mAbs dropped 
signi fi cantly from the initial 100% to 47 ± 11% (p < 0.001) after 40 min of lung lobe perfusion 
with these mAbs. Concentration of mouse IgG in the perfusate after 40 min of perfusion was 
signi fi cantly higher in the case of lung lobe perfusion with non-speci fi c mouse IgG (85 ± 7%) 
compared to speci fi c anti-ACE mAbs (47 ± 11%; p < 0.05; Fig.  26.4 ). This is another indication 
that depletion of anti-ACE mAbs from perfusate to lung tissues was active and due to speci fi c uptake 
by lung tissue.    

  Fig. 26.3     Uptake of anti-ACE mAbs by the lung tissue during lung perfusion.  In lung tissue (  fi lled bar ) 1.3%/g 
of the dose was retained compared to 0.7%/g in tumor tissue ( open bar ). Lung tissues perfused with mAb 9B9 showed 
the highest mAb uptake. Specimen perfused with mAb i2H5 showed the lowest mAb uptake within tumor tissue. 
Mean of different ACE mAbs (ACE mAbs; n = 9) did not show statistically signi fi cant differences between tumor and 
lung tissue       

  Fig. 26.4     Depletion of anti-ACE mAbs from perfusate during lung perfusion.  After equilibration lung perfusion 
with mAbs was started over a period of 40 min. ACE-mAbs (all experiments with antibodies 9B9, 3G8 and i2H5 (n = 9)) 
dropped in the perfusate signi fi cantly by 54% compared with 15% in IgG-mouse during this period (*p < 0.05). No 
signi fi cant differences could be found between iso-antibody concentrations of 9B9, 3G8 and i2H5 in the perfusate 
during perfusion       
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    26.4   Discussion 

 Pulmonary endothelium plays a major role in lung ischemia reperfusion injury during lung transplantation. 
Reperfusion induces an important in fl ammatory response, characterized by a massive production 
of free radicals and by the activation of the complement and leukocyte neutrophils (De Perrot 
et al.  2003  ) . Oxidative stress, the production of cytokines and the secondary mitochondrial lesions 
that occur with reperfusion will induce apoptosis on the level of the parenchyma and the vascular 
structures. The proin fl ammatory state induced by reperfusion continues for several days and can affect 
the patient’s prognosis (Gourdin et al.  2009  ) . Speci fi c targeting of the pulmonary vasculature with 
antioxidant enzymes (Catalase, superoxide dismutase) could offer alternative treatment options to 
increase ef fi cacy of donor lung preservation for lung transplantation. 

 It has been proposed that vascular immunotargeting of anti-oxidant enzymes to endothelial antigens 
(e.g., PECAM, ICAM-1, ACE)  via  mAbs to these antigens improve the therapeutic effect of these 
enzymes (Muzykantov et al.  1996a ; Atochina et al.  1998 ; Christo fi dou-Solomidou et al.  2002  ) . 
Attenuation of  in vivo  lung injury has been achieved by anti-PECAM conjugates with catalase in a 
rodent model of vascular oxidative stress (Christo fi dou-Solomidou et al.  2003 ; Atochina et al.  1998  ) . 
The same group effectively demonstrated a strong protective effect of vascular immunotargeting of 
catalase in an  in vivo  model of lung transplantation in rats (Kozower et al.  2003  ) . 

 Despite this effective protection of lung endothelium by catalase, conjugated with anti-PECAM 
antibodies, we believe that the conjugates of antioxidant enzymes with anti-ACE mAbs, should be 
even more effective, and at least, more selective. In contrast to PECAM, which is signi fi cantly 
expressed in other organs beside the lung (Danilov et al.  2001  ) , ACE is expressed in 100% of the 
pulmonary capillaries compared to 10–20% of capillaries in other organs (Morell et al.  1995 ; Danilov 
et al.  2001  ) . Therefore, we reasoned that conjugates of catalase with anti-ACE mAbs should offer 
even more speci fi c pulmonary endothelial immunotargeting. We used anti-ACE mAb 9B9 conjugated 
with catalase (9B9-CAT), which have been shown to accumulate selectively in the rat lung endothe-
lium compared to biotinylated catalase (Muzykantov et al.  1996a ; Atochina et al.  1998  ) . Recently we 
have reported, that conjugates of mAb 9B9 to catalase protected from lung ischemia reperfusion 
injury in warm and cold rat models  in vivo  without major side effects (Nowak et al.  2007b,   2010  ) . 

 The series of our papers on the rat model using anti-human ACE mAb 9B9, which cross-react with 
rat ACE, clearly demonstrated that the lung endothelial immunotargeting of catalase conjugated with 
anti-ACE antibodies provide a real opportunity for possible translation of laboratory studies on 
animals into clinical settings. 

 Beside mAb 9B9, which accumulates speci fi cally in the lung of rat, hamster, cat, monkeys and 
human after systemic injection (Danilov et al.  1991,   2001 ; Muzykantov et al.  1996b ; Balyasnikova 
et al.  2002b  ) , we have another mAbs which could be even better candidates for translation of this 
approach into clinic. mAb i2H5 bind even stronger to human ACE than mAb 9B9, at least on the 
surface of human ACE expressing cells (Balyasnikova et al.  2002b  ) . Besides, this mAb, in contrast to 
mAb 9B9, does not induce ACE shedding, which could compromise, to some extent, the ef fi cacy of 
catalase targeting (Balyasnikova et al.  2002b  ) . Also, this mAb demonstrates the highest binding to 
monkey ACE, which can provide a convenient large animal model, before translation of this approach 
into clinic. mAb 3G8 has another advantage as it binds well to ACE on the surface of cells and also 
inhibits ACE shedding, which could theoretically even increase the ef fi cacy of ACE targeting in the 
human lung (Balyasnikova et al.  2002a  ) . 

 Recently we developed a method for isolation and perfusion of human lung resections (Nowak et al. 
 2007a  ) . The human isolated lung resection perfusion model offers a unique possibility to study the 
effects of endobronchial or intravascular administered substances on lung and tumor tissue under 
physiologic conditions without possible harm for the patient. The availability of this method and a set of 
mAbs to human ACE, that could be used for human lung endothelial targeting allowed us to investigate 
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whether these mAbs really accumulates speci fi cally into human lung endothelial cells after perfusion 
of human lung lobes (tissue). 

 The results presented in this paper clearly show that the mouse anti-human ACE mAbs 9B9, i2H5 
and 3G8 speci fi cally accumulate in the human lung endothelial cells after perfusion of human lung 
lobes and theoretically can deliver anti-oxidant enzymes (catalase, superoxide dismutase) or other 
substances to the pulmonary endothelium for protection of donor lungs. Nevertheless, the following 
steps need to be done, to translate this approach to the clinic:

   Genes for these mAbs should be isolated and cDNA coding for single-chain.  • 
  Fv fragments (scFv) of these mAbs should be cloned. Recently, we successfully isolated scFv for • 
mAb 9B9.  
  These fragments should be humanized.  • 
  A fusion protein of scFv of humanized version of anti-human mAb to ACE with cDNA for human • 
catalase or superoxide dismutase should be prepared.    

 The knowledge of therapy tolerance of the human lung tissue acquired with this model ex-vivo 
might also get of importance for neoadjuvant therapeutic strategies aiming at  in vivo  and  in situ  
perfusion of lungs to treat pulmonary metastases or for downstaging of lung carcinoma (Hendriks 
and Van Schil  1998  ) .      
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  Abstract   The role of angiogenesis in the pathogenesis of interstitial lung diseases (ILD) is unknown. 
Angiotensin-converting enzyme (ACE) is a marker of sarcoidosis activity and may modulate angio-
genesis. The aim of this study was to examine the relationship between ACE activity in ILD patients’ 
sera and their effect on microvessels formation in an  in vivo  model of leukocyte-induced angiogene-
sis. The study population consisted of 77 sarcoidosis patients, 22 idiopathic pulmonary  fi brosis 
patients, 16 bird fanciers lung patients, eight silicosis patients and 14 healthy donors. Serum ACE 
activity was assayed by spectrophotometric method. As an angiogenic test, a leukocyte-induced 
angiogenesis assay in an animal model was used. Sera from interstitial lung disease patients 
signi fi cantly stimulated angiogenic activity of mononuclear cells compared with healthy donors 
(p < 0.001). The highest ACE serum activity was measured in sera from the silicosis patients, and low-
est in sera from the sarcoidosis and IPF patients. A signi fi cantly lower serum ACE activity was 
detected in the bird fanciers lung patients. Serum angiogenic activity of ILD patients measured by 
angiogenesis index negatively correlated with ACE serum activity (r = −0.52; p < 0.01). This correla-
tion was highest in the sarcoidosis group (r = −0.6; p < 0.001). Sera from ILD patient constitute the 
source of factors modulating angiogenesis.  
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    27.1   Introduction 

 Angiogenesis is currently recognized as a crucial step in the development of tumors and metastases 
(Saaristo et al.  2000  ) . However, there is an increasing number of data suggesting a considerable role 
of angiogenesis in the pathogenesis of ILD, including granulomatosis,  fi brosis, and vasculitis (Keane 
 2004 ; Tzouvelekis et al.  2006 ; Zielonka et al.  2010  ) . Chronic in fl ammation and hypoxia, common 
disturbances in ILD, are strong stimuli for neovascularization (Wagner et al.  2008  ) . VEGF is well 
known for its key role in tumor angiogenesis, while its contribution to  neovascularization in ILDs is 
much less understood (Shibuya  2001  ) . In this regard, data demonstrating a signi fi cant effect of angio-
tensin II (AT-II) on VEGF gene expression seem to be of  considerable importance (Yoshiji    et al. 
 2002a    ) . AT-II, produced from AT-I by ACE, is known for its proangiogenic effect, like VEGF gene 
upregulation, tissue inhibitor of metalloproteinases-1 (TIMP-1) production and endothelial cells pro-
liferation (Williams et al.  1995 ; Fujiyama et al.  2001  ) . Moreover, experimental studies demonstrated 
that inhibition of ACE and therefore of AT-II synthesis produces a signi fi cant antiangiogenic effect 
(Yoshiji et al.  2004  ) . Several ACE inhibitors at clinically comparable doses have been characterized 
as potent inhibitors of angiogenesis in experimental tumor development. The inhibition of AT-II by 
perindopril signi fi cantly suppressed VEGF expression in tumors (Yoshiji et al.  2002  b  ) . Therefore, 
while increased ACE activity appears to be a hallmark of active sarcoidosis, its precise role in neovas-
cularization observed in sarcoid lungs is unclear (ATS/ERS/WASOG  1999  ) . Increased ACE activity 
has been observed in other ILD patients (Grönhagen-Riska et al.  1978  ) , still its biological function 
and diagnostic value has only been proven in sarcoidosis. The aim of this study was to examine the 
relationship between ACE activity in the sera of ILD patients and its effect on microvessel formation 
in an  in vivo  model of leukocyte-induced angiogenesis.  

    27.2   Methods 

    27.2.1   Study Population 

 The study protocol was approved by a local Ethics Committee and informed consent was obtained 
from each participant. The study population consisted of 123 ILD patients: 77 with sarcoidosis (SAR), 
22 with idiopathic pulmonary  fi brosis (IPF), and 16 with bird fanciers lung (BFL), eight with silicosis 
(SIL), and 14 healthy volunteers (Table  27.1 ). Patients receiving immunosuppressive treatment were 
excluded from the study. Sarcoidosis was diagnosed according to the ATS/ERS/WASOG standards 
 (  1999  ) . Patients were strati fi ed on the basis of chest radiographic staging into Stage I – 20 patients, in 
Stage II – 37 patients and in Stage III – 20 patients. The diagnosis of IPF was based on ATS criteria 
 (  2000  ) . The diagnosis of BFL was based on clinical, radiological, functional, serological, BAL, and 

   Table 27.1    Characteristics of examined groups   

 No. of subjects  Age (yr ± SD)  Female/Male  Smokers/Nonsmokers 

 Sarcoidosis  77  40.0 ± 11.5  31/46  19/58 
 IPF  22  62.5 ± 11.3  11/11  5/17 
 BFL  16  45.0 ± 16.2  9/7  5/11 
 Silicosis   8  62.5 ± 11.3  1/7  7/1 
 Healthy volunteers  14  36.2 ± 8.3  8/6  2/12 
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histopathological  fi ndings according to the Lacasse et al.  (  2003  ) . The diagnosis of silicosis was based 
on clinical, radiological, and histopathological criteria, and occupational exposure to silica. A control 
group consisted of 14 healthy volunteers.   

    27.2.2   ACE Activity 

 Serum ACE activity was assayed by a colorimetric method with tripeptide N-(3-(2-furyl)acriloil)-L-
fenylalanilglicilglicine (FAPGG) (Sigma Diagnostics, St. Louis, MA) at 345 nm using a spectropho-
tometric reader Elx800 (Biotec Instruments, USA). ACE activity was calculated as  follows: ACE 
(U/l) = ( D  absorbance 

ex
 / D  absorbance 

cont
 ) x activity of calibrator, where  D  absorbance 

ex
  is  D  absorbance 

for examined sera during 5 min and  D  absorbance 
cont

  is  D  absorbance for calibrator during 5 min.  

    27.2.3   Mononuclear Cell Isolation and Incubation 

 Human peripheral blood mononuclear cells (MNC) were isolated from healthy donors’ buffy-coat 
cells obtained from the Blood Donation Station in Warsaw, Poland, using a gradient technique. This 
method yielded an MNC preparation containing 10–15% monocytes and 85–90% lymphocytes, based 
on morphological criteria and myeloperoxidase staining. The MNC were incubated for 60 min at 
37°C, 5% CO 

2
  in PBS enriched with serum (3:1) isolated from patients. Two control groups were 

prepared: in the  fi rst control, MNC were incubated in PBS supplemented with 25% of serum from 
health donors and in the second control, MNC were incubated only in PBS. Afterwards MNC were 
washed and suspended in Parker medium.  

    27.2.4   Leukocyte Induced Angiogenesis Assay 

 Protocols involving animals have been performed according to the Helsinki Convention for the use 
and care of animals and were approved by the respective Ethics Committee. Cutaneous angiogenesis 
assay was performed according to the method of Sidky and Auerbach  (  1975  ) , with some modi fi cations 
(Zielonka et al.  2010  ) . MNC incubated with sera from ILD patients or healthy donors were inoculated 
intradermally (0.05 ml per one injection, with 5 × 10 5  cells, six injections per mouse, three mice for 
one tested sample) into regionally shaved Balb/c mice, anesthetized with chloral hydrate. The control 
group was injected MNC incubated with PBS only. After 72 h, the mice were killed with a lethal dose 
of Morbital (Biowet, Poland). Newly formed microvessels were identi fi ed and counted blindly by the 
same person UD with a dissection microscope (Nikon, Japan) at 6x magni fi cation according to the 
Sidky and Auerbach criteria  (  1975  ) . Results were expressed as the absolute number of the newly-
formed microvessels or as the angiogenesis index (AI) calculated as a ratio: AI = (A 

ex
 /A 

contr
 ), where A 

ex
  

number of new blood vessels formed upon induction by ILD patients sera and A 
contr

  is number of new 
blood vessels formed upon induction by sera from healthy donors.  

    27.2.5   Statistical Analysis 

 Since the data followed a normal distribution, assessed with the Bartlett test, a  t- test for independent 
samples was applied to determine differences between groups. The relationships between variables were 
examined by the Pearson correlation coef fi cient and p < 0.05 was used to indicate statistical signi fi cance. 
Analysis was performed using Statistica 6 for Windows package (StatSoft, Inc., Tulsa, OK).   
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    27.3   Results 

    27.3.1   ACE Activity 

 The mean ACE activity was signi fi cantly higher in all examined groups compared with healthy 
 controls (29 ± 8 U/L) (Fig.  27.1 ). The highest serum ACE activity was demonstrated in the silicosis 
group (94 ± 51 U/L), while the lowest in the BFL patients (45 ± 22 U/L). In both groups, ACE values 
were signi fi cantly different than those observed in the sarcoidosis patients (63 ± 34 U/L), while no 
 differences were shown for the IPF group (59 ± 39 U/L).   

    27.3.2   Angiogenic Activity 

 MNC incubated with sera of each ILD patients’ group demonstrated a considerably higher 
 proangiogenic activity, as assessed by the number of newly formed microvessels, than the number of 
microvessels tallied after incubation with healthy volunteers’ sera or with PBS (p < 0.001) (Fig.  27.2 ). 
The most pronounced proangiogenic effect was exerted by sera from the BFL group (17.2 ± 1.3). This 
effect was considerably stronger than stimulation induced by sera from the sarcoidosis (16.3 ± 1.5; 
p < 0.05), IPF (16.0 ± 0.9; p < 0.05), or silicosis patients (15.7 ± 0.4; p < 0.01). Moreover, sera from 
healthy volunteers’ did augment the angiogenic activity of normal MNC (13.2 ± 0.9) as compared 
with PBS only (11.6 ± 1.2; p < 0.001).  

 Accordingly, the angiogenesis index re fl ecting proangiogenic activity of sera from the examined 
groups was signi fi cantly higher for BFL (1.3 ± 0.1) than for SAR (1.2 ± 0.1; p < 0.001), IPF (1.2 ± 0.1; 
p < 0.001), or SIL patients (1.1 ± 0.04; p < 0.001). Also, this index was considerably lower in the 
 silicosis than those in the IPF (p < 0.001) and SAR patients (p < 0.01). The angiogenesis index for the 
PBS control group was signi fi cantly lower than in the other examined groups (0.9 ± 0.1; p < 0.001).  

    27.3.3   ACE – Angiogenesis Correlation 

 A negative correlation between the number of newly formed blood vessels and ACE serum activity 
was demonstrated for all examined ILD groups (r = −0.42; p < 0.01). The strongest correlation was 
observed in the sarcoidosis group (r = −0.47; p < 0.01). Similarly, a negative correlation between 
AI and ACE activity was also shown for all ILD patients (r = −0.52, p < 0.01) (Fig.  27.3 ), with the 
 strongest correlations observed in the sarcoidosis (r = −0.60; p < 0.001) and silicosis patients 
(r = −0.90, p < 0.001).    

    27.4   Discussion 

 The present study demonstrates increased angiogenic activity of sera from ILD patients. We have 
previously demonstrated a signi fi cant correlation between the angiogenic activity of ILD patients’ 
sera and the concentration of the serum tumor necrosis factor  a  (TNF a ), although not with interleu-
kin-6 (IL-6), IL-8, IL-12, or interferon  g  (INF g ) (Zielonka et al.  2007a,   b  ) . An important role of 
angiogenesis in the ILD pathogenesis has been suggested (Tzouvelekis et al.  2006  ) . However, the 
exact mechanisms have not yet been proposed. These results con fi rm that angiogenesis takes part not 
only in IPF or sarcoidosis but also in other ILD such as BLF and silicosis. In fl ammatory and  fi brotic 
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processes contribute to the pathogenesis of silicosis and the mechanism of mineral-induced pulmo-
nary  fi brosis appears to be similar to that involved in IPF or in a bleomycin model of  fi brosis 
(Mossman and Churg  1998  ) . 

 Our study gives a new insight into these processes. A negative correlation between the serum 
angiogenic and ACE activities demonstrated in all examined groups of ILD patients might suggest a 
new link between chronic in fl ammation, granuloma tissue, and neovascularization. Physiologically, 

  Fig. 27.1     ACE serum activity 
in patients  with interstitial lung 
diseases and healthy volunteers. 
Mean values are indicated by 
 horizontal bars , signi fi cant 
differences between groups are 
indicated by  arrows ; *p < 0.05, 
**p < 0.01, ***p < 0.001       

  Fig. 27.2    Number of 
microvessels after injection of 
MNC preincubated with sera 
from ILD patients, healthy 
donors, and PBS. Mean values 
are indicated by  horizontal bars , 
signi fi cant differences between 
groups are indicated by  arrows        
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ACE is a key enzyme in the renin-angiotensin system, converting angiotensin I into the potent 
 vasopressor angiotensin II and also inactivating the vasodilator bradykinin (Hooper  1991  ) . ACE 
 produced by epithelioid cells is likely to be important both in mediating and modulating in fl ammation, 
primarily in granulomatous diseases (Gilbert et al.  1993 ). While ACE is involved in the pathogenesis 
of sarcoidosis, its serum level is also increased not only in pulmonary granulomatous diseases like 
tuberculosis, berylliosis (Brice et al.  1995  ) , silicosis and asbestosis (Grönhagen-Riska et al.  1978  ) , but 
also in extrathoracic granulomatous pathologies such as Gauchers’ disease (Lieberman and Beutler 
 1976  ) , leprosies and fungal infections (Lieberman and Rea  1977  ) . Our data suggest its increased 
serum concentration in silicosis and IPF patients as well. In IPF studies, serum ACE has been  generally 
shown within normal limits (Lieberman  1975  ) . However, we believe that our IPF group consisting of 
patients with active progressing and untreated disease might only demonstrate a unique pro fi le of 
ongoing in fl ammation. Hence, there is an increased ACE concentration in serum. 

 ACE is a critical physiologic regulator of blood pressure, in fl ammation, angiogenesis and is also a 
novel marker for identifying hemangioblasts differentiating from human embryonic stem cells (Zambidis 
et al.  2008  ) . The participation of the renin-angiotensin system in neovascularization is important because 
ACE inhibitors are currently used for the treatment of hypertension and congestive heart failure. A nega-
tive correlation between serum ACE activity and angiogenic activity suggests that ACE inhibitors can 
stimulate neovascularization. Perhaps, a favorable effect of ACE inhibitors in cardiovascular diseases is 
related to the stimulation of neovascularization. The activation of vasculogenesis after antihypertensive 
drugs therapy such as the angiotensin-converting enzyme inhibitor (perindopril), and angiotensin type 1 
receptor blocker (losartan) may participate in the reduction of major macro- and microvascular events 
observed in patients with stroke or type 2 diabetes (Patel et al.  2007  ) . 

 Angiotensin II has multiple physiological effects. It has systemic (endocrine) and local (paracrine and 
autocrine) effects, favoring cell growth and differentiation through four types of receptors, of which 
types 1 and 2 (AT1 & AT2) are the most important (Escobar et al.  2004  ) . Stimulation of AT1 leads to the 
activation of intracellular pathways that  fi nally lead to vasoconstriction, in fl ammation and proliferation. 
The AT2 receptor effects are opposite to those of the AT1 effects. Endothelium plays a central role in the 
maintenance of vascular homeostasis and angiotensin II is one of the main effectors of endothelial dys-
function. ACE-2 has been identi fi ed as a critical negative modulator of angiotensin II bioactivity. 
However, the role of ACE-2 in vasculature remains unknown (Lovren et al.  2008  ) . ACE-2 promoted 
capillary formation and neovessel maturation  in vivo  and reduced atherosclerosis in apolipoprotein 
E-knockout mice (Raizada and Ferreira  2007  ) . Despite some similarities, ACE-2 is distinct from ACE. 

 Bradykinin induces dose-dependent endothelial sprout formation  in vitro  in the adult mouse heart 
only under hypoxia. The B2 receptor mediated sprouting that was induced by bradykinin and 
VEGF164, but did not mediate sprouting that was induced by the growth factor bFGF or PDGF-BB 

  Fig. 27.3    Correlation between 
ACE serum level and 
angiogenesis index in ILD 
patients       
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(Sanchez de Miguel et al.  2008  ) . Enalapril induces sprouting through both the B1 and B2 kinin 
 receptors (Sanchez de Miguel et al.  2008  ) . Both B2-receptor and B1-receptor agonist-induced angio-
genesis requires nitric oxide biosynthesis (Sanchez de Miguel et al.  2008  ) . This is of special interest 
since pharmacological inhibition of the ACE acts not only by reducing angiotensin II levels, but also 
by preventing enzymatic breakdown of kinins, suggesting that the kallikrein-kinin system is part of 
the ACE inhibition effects. The kallikrein-kinin system increases coronary blood  fl ow, decreases 
infarct size and left ventricular remodelling post myocardial infarction (Westermann et al.  2008  ) . 
ACE functions not only to convert angiotensin I to angiotensin II, but also to cleave bradykinin into 
inactive fragments. VEGF concentration is lower and ACE activity was signi fi cantly higher in the sera 
of patients with type 1 diabetes than in the sera of those with type 2 diabetes (Skopiński et al.  2001  ) . 
Recently, Kozak et al.  (  2009  )  demonstrated that candesartan in an experimental model of stroke aug-
ments the ischemia-induced angiogenic state and provides long-term bene fi ts. ACE inhibitors enhance 
myocardial capillarization (Hiller et al.  2010  ) . 

 Conversely, it has been shown that ACE inhibitors may protect against cancer development (Lever 
et al.  1998  ) . There is increasing evidence that angiotensin II and its receptor system are involved in angio-
genesis, tumor growth and metastases in experimental models, suggesting the therapeutic potential of 
ACE inhibitors and AT1R blockers, used as antihypertensive drugs (Yoshiji et al.  2004  ) . Recent studies 
have shown the activation of the local renin-angiotensin system in various tumor tissues, including the 
abundant generation of angiotensin II by ACE and the upregulation of type 1 angiotensin II receptor 
expression (Ino et al.  2006  ) . It is hypothesized that angiotensin II may be involved in the regulation of 
tumor angiogenesis especially in receptor negative breast cancer by the regulation of angiogenesis associ-
ated genes  via  angiotensin II receptor type 1 (Herr et al.  2008  ) . Perindopril inhibits VEGF-induced tumor 
growth (Yoshiji et al.  2002  b  ) . However, the inhibition of angiogenesis by captopril is not mediated by 
ACE inhibition, but by suppression of matrix metalloproteinase activity or production of angiostatin 
attributable to free thiol groups, which perindopril does not have (Gately et al.  1997  ) . Sano et al.  (  2006  )  
demonstrated that ACE expression in endothelial cells is negatively or positively regulated by Ang1 or 
VEGF, respectively, and the VEGF-mediated hyperpermeability is suppressed by angiotensin II type 1 
receptor blocker. The dual effect of ACE inhibition on angiogenesis in type 1 diabetic mice was described 
by Ebrahimian et al.  (  2005  ) . ACE inhibition improved neovascularization in the diabetic ischemic leg 
through activation of bradykinin signaling, whereas it reduced vessel growth in the diabetic retina through 
inhibition of an overactive angiotensin II pathway. 

 However, in ILDs the rationale for any therapeutic ACE-I application is quite vague at the moment. 
The exact contribution of neovascularization processes to ILDs development and progression is still 
unclear. Data concerning new vessels formation are not satisfactory, hence the outcome of pharmaco-
logical inhibition or stimulation of angiogenesis would be rather dif fi cult to predict. We also do not 
know whether angiogenesis is helpful or detrimental for ILDs. The only well documented data come 
from the experimental thalidomide application (Carlesimo et al.  1995  ) . Still, although shown  clinically 
effective, this form of anti-angiogenic treatment was introduced only in patients resistant to other 
forms of anti-in fl ammatory therapy (Antoniou et al.  2007  ) . We do not know yet whether there are too 
many or too few new vessels formed in pulmonary  fi brosis and others ILDs. Further studies on the 
angiogenesis and its relationships to ACE and its inhibitors in ILD are needed.      
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  Abstract   During development and aging, vascular remodeling represents a critical adaptive response 
to modi fi cations in oxygen supply to tissues. Hypoxia inducible factor (HIF) has a crucial role and is 
modulated by oxygen levels, with an age-dependent response in neonates, adult, and aged people. ROS 
are generated under hypoxic conditions and the accumulation of free radicals during life reduces the 
ability of tissues to their removal. In this immunohistochemical study we investigated the presence and 
localization of VEGF and iNOS in human carotid bodies (CB) sampled at autopsy from three children 
(mean age – 2 years), four adult young subjects (mean age – 44.3 years), and four old subjects 
(mean age – 67.3 years). VEGF immunoreactivity was signi fi cantly enhanced in CB tissues from 
the children (7.2 ± 1.2%) and aged subjects (4.7 ± 1.7%) compared with the young adults (1.4 ± 0.7%). 
On the other hand, iNOS immunoreactivity was enhanced in CB tissues from the children (0.4 ± 0.04%) 
and young adult subjects (0.3 ± 0.02%) compared with the old subjects (0.2 ± 0.02%). Prevention of 
oxygen desaturation, reducing all causes of hypoxemia from neonatal life to aging would decrease the 
incidence of diseases in the elderly population with lifespan extension.  

  Keywords   Aging  •  Carotid body  •  Chemoreceptor  •  Hypoxia  •  Nitric oxide  •  VEGF    
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    28.1   Introduction 

 Development and aging are strictly correlated as a result of cumulative oxidative damages to cells, 
derived from aerobic metabolism and in fl uenced by environmental and genetic factors (Amicarelli 
et al.  1999 ; Babcock et al.  1992  ) . Environmental factors include temperature, diet, exercise, and 
 oxygen availability. To test if oxygen sensitive mechanisms related to NOS and VEGF are affected 
by age, we studied immunohistochemistry and structural correlates of carotid bodies collected from 
cadavers of infants, young adults, and aged subjects. We evaluated vascular endothelial growth factor 
(VEGF) and nitric oxide synthase (NOS) expression. The proteins are in fl uential for angiogenesis and 
vasodilatation, respectively. NOS is known to catalyse the reaction of L-arginine into L-citrulline. 
NO behaves as a biological messenger molecule implicated in many physiological functions 
involving homeostatic adaptations and oxygen supply to tissues (Richmonds et al.  1999  ) . Normally, acute 
hypoxia inhibits enzymatic activity, while in chronic hypoxia most enzymes, such as tyrosine hydroxylase 
or NOS, are stimulated, which represents a homeostatic defence mechanism (Di Giulio et al.  2000  ) . 

 To test if oxygen sensitive CB mechanisms are affected in an age-dependent fashion, we studied 
the expression of VEGF and NOS, the two essential enzymes for tissue aging modulation, along the 
life axis in human CB.  

    28.2   Methods 

 The study was approved by a local Ethics Committee and was performed according to the Italian laws 
on autopsied human tissues (   Porzionato et al.  2005 ). 

 The present immunohistochemical study investigates the expression and localization of VEGF and 
iNOS in human carotid bodies, sampled at autopsy from three children (mean age: 2 years ±66SD 
days), four young (mean age: 27.5 ± 3.4 years), and four old subjects (mean age: 73.5 ± 3.4 years). All 
subjects died of an accident’s trauma and were all clinically without chronic pulmonary or cardiovas-
cular diseases. Autopsies were performed between 18 and 78 h after death. Specimens were taken of 
the right carotid bifurcation, including 20 mm of the common carotid and 20 mm of the internal and 
external carotid arteries. 

    28.2.1   Light Microscopy Analysis and Immunohistochemistry 

 Tissues were  fi xed in 10% phosphate-buffered formalin for 72 h, dehydrated through ascending series 
of alcohols and xylene, and then paraf fi n embedded. Samples were de-waxed (xylene and alcohol in 
progressively lower concentrations) and 5  m m thick specimens were processed for Trichrome Mallory 
staining (Tricromica kit) (Bio Optica, Milano, Italy) to distinguish connective compartment from 
parenchyma. 

 In order to detect VEGF and iNOS proteins, immunohistochemistry was performed by means of 
Ultravision LP Detection System HRP Polymer & DAB Plus Chromogen (Lab Vision Thermo, 
CA, USA). Slides have been incubated in the presence of primary rabbit anti-VEGF and anti-iNOS 
 antibodies (dilution 1:100) (Santa Cruz Biotechnology, CA, USA) and then in the presence of speci fi c 
HRP-conjugated secondary antibodies. Peroxidase was developed using diaminobenzidine chromo-
gen (DAB) and nuclei were hematoxylin counterstained. Negative controls were performed by 
 omitting the primary antibody. Specimens were examined under light microscopy Leica DM 4000 
equipped with a Leica DFC 320 camera (Leica Cambridge Ltd, Cambridge, UK) for computerized 
images.  
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    28.2.2   Computerized Morphometry Measurements and Image Analysis 

 After digitalizing the images obtained from immunohistochemically stained sections, QWin Plus 3.5 
software (Leica Cambridge Ltd, Cambridge, UK) was used to evaluate the VEGF and iNOS expres-
sions. Image analysis of protein expression was performed through the quanti fi cation of the threshold 
area for immunohistochemical brown color per ten  fi elds of light microscope observation. QWin Plus 
3.5 assessments were logged into Microsoft Excel and processed for standard deviations and histo-
grams. Differences between enzyme expressions in the age-groups studied were evaluated using a  t -test 
and a linear regression analysis. p < 0.05 was taken as indicative of statistically signi fi cant difference.   

    28.3   Results 

 VEGF positive areas were signi fi cantly enhanced in carotid body specimens from the children 
(7.2 ± 1.2%) and aged subjects (4.7 ± 1.7%) compared with the young adults (1.4 ± 0.7%) (Fig.  28.1 ). 
On the other hand, iNOS expression was revealed higher in carotid body specimens from the children 

  Fig. 28.1     (a) Immunohistochemical detection of VEGF expression in carotid bodies  from child, adult, and aged 
subjects;  (b)  graphic representation of VEGF % positive area (means ± SD). Densitometric analysis was determined by 
direct visual counting of ten  fi elds (mean values) for each of three slides per sample, magni fi cation 40x. *Signi fi cant 
differences in VEGF between each of the three pairs of age-groups, all p < 0.05       
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and young adults (0.4 ± 0.04 and 0.3 ± 0.02%, respectively) compared with the 0.2 ± 0.02% in the aged 
subjects; but the differences here did not reach statistical signi fi cance (Fig.  28.2 ). Along with the 
evaluation of VEGF and iNOS expression, Mallory Trichrome staining was performed to estimate the 
proportions of CB parenchyma and interstitial tissue. We found a signi fi cant decrease in CB  parenchymal 
area from child to old subject and a signi fi cant increase in intralobular connective tissue in the aged 
subjects compared with that in childhood (Fig.  28.3 ).     

    28.4   Discussion 

 The carotid body is an important organ for body homeostasis. Acute hypoxia increases chemosensory 
discharge, which is less evident during aging as well as during long-lasting hypoxia in the young 
(Lahiri et al.  2002  ) . During development and aging, vascular remodeling represents a critical adaptive 

  Fig. 28.2     (a) Immunohistochemical detection of iNOS expression in carotid bodies  from child, adult, and aged 
subjects;  (b)  graphic representation of iNOS % positive area (means ± SD). Densitometric analysis was determined by 
direct visual counting of ten  fi elds (mean values) for each of three slides per sample; magni fi cation 40×. No signi fi cant 
differences among the age-groups were noted       
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response to tissue hypoxia. Hypoxia inducible factor-1 (HIF-1 a ) is the regulator of oxygen homeostasis 
in tissues (Semenza  2009  ) . It is a heterodimeric transcription factor that controls the induction of 
several genes involved in glycolysis, erythropoiesis, angiogenesis and vasodilatation when tissues are 
exposed to hypoxic conditions. Expression of VEGF and NOS in CB depends on age and hypoxia 
exposure (Di Giulio et al.  2005  ) . When we say ‘chronic hypoxia’, we have to specify if we consider 
an intermittent situation, minutes, hours, days, weeks, or months of hypoxic exposure. 

 VEGF and NOS could be responsible for a reduction in the ventilatory response during chronic 
hypoxia and aging (Di Giulio et al.  2005  ) . A lower expression of NOS during aging could explain 
a reduced CB hyperplastic effect due to hypoxia and decreased oxygen sensitive mechanisms. It is 
 possible that oxygen keeps these factors in physiological ranges. Intermittent hypoxia can modulate 
the devolvement processes and accelerate aging, with HIF-1a likely playing a role during aging. In 
CB, HIF-1a is accumulated more at high altitude or during sleep disordered breathing character-
ized by intermittent hypoxia, which is mediated by increased generation of ROS. HIF-1 a  would be 
involved with NOS and VEGF in the developmental and aging processes. In aerobic organisms, 
more than 90% of the oxygen supply is used by cell mitochondria. Cells have developed a variety 
of  enzymatic and  non-enzymatic systems to convert ROS in less toxic species (Finkel and Holbrook 
 2000  ) . Physiologically, antioxidant defences maintain ROS at harmless levels, preventing damage 
(Jamieson  1989  ) . ROS are produced even at low oxygen levels, and the balance between different 
levels of oxygen supply and the metabolic demand leads to ROS formation. This balance is strictly 
correlated with a constant ‘oxygen concentration’. ROS are alarm signals which could act on the 
gene expression factors during development and aging (Harman  1992  ) . Mitochondrial activity for 
NOS expression might not be so important, but the interaction among tissue pH-CO 

2
  and O 

2
  could 

affect cell activity and oxygen consumption. 
 Although the chromophore theory of chemoreception still remains valid, alterations in the sensor 

structure mechanism could be affected by VEGF and NOS-1 which are important during development 
and aging. CB remains a model to study the development and aging processes and it could be a tool 
to clarify the modulation of cell metabolism and how preventing hypoxia we interfere with the aging 
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process. In other words, development and aging are physiologically correlated with the oxygen supply 
and metabolism, but how physical exercise or prevention of hypoxia would modulate the aging 
 processes still remains an open question.      
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  Abstract   Infectious, genetic factors, and autoimmunity have been considered as potential causes of 
sarcoidosis (SA). Pathological similarities between SA and tuberculosis (TB) suggest  M. tuberculosis  
antigen(s) as causative agent(s). Our published comparative analysis of the human leukocyte antigens 
(HLA) system in patients with SA or TB in the same ethnic group revealed that some antigens were 
connected with high risk of developing of SA or TB, but other were comparable in both patient popu-
lations. Is it possible that the predominating occurrence of HLA antigens characteristic for TB may 
cause tuberculosis in patients with SA? To answer this question we evaluated the HLA class I and II 
alleles frequency by PCR ampli fi cation with sequence-speci fi c primers in three women with histo-
pathologically proven pulmonary SA, who developed bacteriologically con fi rmed TB on a corticos-
teroids (CS) therapy. Analysis of HLA in every case separately revealed a trend for higher occurrence 
of both alleles predisposing and protecting from TB than SA, in comparison with healthy individuals 
in our previously mentioned HLA genotyping study. Overall, the number of alleles predisposing to 
TB was statistically greater than the number of alleles connected with a high risk of developing SA. 
Also, the frequency of protecting alleles was statistically higher for TB than for SA. Therefore, SA in 
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these patients developed at  fi rst, and the presence of additional environmental factors, e.g., age, CS 
might decrease an immune response and provoked TB. There is a possibility that the occurrence of 
HLA antigen more associated with high risk of developing TB than SA causes the development of 
tuberculosis in our patients with sarcoidosis.  

  Keywords   Sarcoidosis  •  Tuberculosis  •  Genetic factors  •  Autoimmunity  •  Human leukocyte antigens 
system  •  Ethnicity    

    29.1   Introduction 

 Sarcoidosis (SA) is a granulomatous disorder of an unknown etiology. Infectious and genetic factors 
and autoimmunity have been considered as potential causes of SA (American Thoracic Society  1999  ) . 
Due to similar clinical, radiological and histopathological pictures of sarcoidosis and tuberculosis 
(TB),  Mycobacterium tuberculosis  or mycobacterial antigen(s), e.g., A60, A85, KatG, SodA and heat 
shock proteins (Mtb-hsp) have been considered as infectious factors in the etiopathogenesis of SA 
(reviewed in Dubaniewicz  2010 ; Moller  2007  ) . Some of these antigens are markers of latent TB 
 during the dormant stage of  M. tuberculosis  (Yim and Selvaraj  2010  )  .  One-third of the world’s popu-
lation is believed to be infected with  M. tuberculosis , but bacilli will reactivate and cause active TB 
only in 5–10% of individuals (Walzl et al.  2011  ) . The mycobacterial hsp proteins expressed on the 
surface of antigen presenting cells (APCs) can be presented effectively to T- and B- lymphocytes in 
the context the human leukocytes antigens (HLA) class I and II antigens to induce speci fi c immunity 
in SA or TB. It is possible that in genetically predisposed host (HLA and non-HLA), the presence of 
mycobacterial infection (Mtb-hsp, especially hsp16) may be involved in the development of (auto)
immunity in SA (reviewed in Dubaniewicz et al.  2003,   2006  ) . 

 The results of published analysis of polymorphisms of HLA class I and II antigens in different 
ethnic groups of patients with SA or TB in the world are inconsistent (Dubaniewicz et al.  2003,   2006 ; 
Dubaniewicz and Dubaniewicz  2005 ; Sato et al.  2010 ; Yim and Selvaraj  2010  ) . That indicates the 
occurrence of HLA antigens characteristic for sarcoidosis only, for tuberculosis only, with some HLA 
being characteristic of both SA and TB. Thus, susceptibility to sarcoidosis or tuberculosis might have 
its cause in speci fi c haplotypes of SA or TB patients in the same ethnic group (Dubaniewicz et al. 
 2003,   2006  ) . In some cases, TB may coexist with SA, or develop before or after sarcoidosis. 

 The question arises whether the predominating occurrence of HLA alleles characteristic of only 
TB may cause tuberculosis in patients with SA? To this end we evaluated the frequency of HLA class 
I and II alleles in three women with pulmonary SA, who developed TB while being on corticosteroids 
therapy.  

    29.2   Methods 

 This article is based on 3 case reports of female subjects who presented to the hospital with  unproductive 
chronic cough and other symptoms suggesting the possibility of SA. All patients were non-smokers, 
with no reported occupational exposures. Their medical and family history was negative for tubercu-
losis, autoimmune or other chronic disorders. They had no knowledge about previous contact with TB 
infected individuals and all were in good general physical condition. The study was performed in 
accordance with the Declaration of Helsinki for Human Research and the protocol was approved by 
an institutional Research Review Committee.
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    Case 1  In 2002, a 32 year-old woman presented with cough, erythema nodosum on the thighs, fever, 
and swelling and pain of bilateral wrists and ankles. Chest X-ray (CXR) revealed bilateral hilar 
lymphadenopathy (BHL) without pulmonary in fi ltration, corresponding to stage I SA. The patient 
was diagnosed with acute sarcoidosis presenting as Löfgren syndrome. The patient was treated with 
corticosteroids for 1 week (20 mg/day prednisone); the dose was tapered off over the following 
3 weeks. Afterward, the patient did not turn up at the Outpatient Department for  several years. 

 In 2010, the patient returned to the hospital with chronic cough, dyspnea, weight loss and mild 
fever (37.8°C). Blood pressure was 110/70, heart rate 100 bpm. During auscultation mild bilateral 
inspiratory crackles in the lower lung  fi elds were recognized. A chest X-ray and a high resolution 
computer tomography (HRCT) revealed BHL with pulmonary in fi ltration (interstitial thickening with 
nodules and lymphadenopathy) corresponding to stage II SA. Bronchoscopy with broncho-alveolar 
lavage  fl uid (BALF) collection excluded neoplasmatic invasion or  fi brosis. BALF analysis demon-
strated a CD4/CD8 ratio of 5.1. BALF cultures and serology were negative for fungal and bacterial 
infection. A puri fi ed protein derivative (PPD) skin test was negative (<10 mm). Mediastinoscopy with 
lymph node biopsy revealed a non-caseating granuloma and a diagnosis of sarcoidosis was reinforced. 
Initial acid fast bacilli (AFB) microscopy was negative for  M. tuberculosis,  but 8 weeks later BALF 
cultures on the Löwenstein-Jensen medium were positive for  M. tuberculosis . The patient was imme-
diately referred to the Pomeranian Hospital for Infectious Diseases, where antituberculosis therapy 
was initiated.  

   Case 2  In 2007, a 55 year-old woman presented with cough lasting for 6 weeks. The patient had 
 hypertension and lipid disorder in anamnesis, treated with a  b -blocker and a statin. A HRCT revealed 
BHL with pulmonary in fi ltration corresponding to stage II SA. PPD skin test was negative. A consecu-
tive open lung biopsy yielded a non-caseating granuloma and a diagnosis of sarcoidosis was made. 
Throughout the following years the patient was re-hospitalized several times for gastritis, hemoptysis, 
pulmonary non-speci fi c infection and for diagnostic purposes. Throughout these visits the patients 
received antibiotic therapy for  Helicobacter pylori  and pulmonary non-speci fi c infections (six times). 
The patients also received four times steroid therapy for relapse of sarcoidosis and was kept on a low 
dose (5 mg/d) steroid therapy till April 2010. During all these incidences of re-hospitalization, TB was 
excluded by AFB sputum and BALF microscopy and cultures. 

 In the autumn of 2010, the patient was admitted to the hospital with signs of a pulmonary infection 
including fever 38.4°C, hemoptysis, weight loss and productive cough. Blood pressure was 120/85 
and heart rate of 110 bpm. Auscultation of the lungs revealed a decreased breath sounds over the lung 
periphery. A HRCT revealed pulmonary in fi ltration corresponding to stage III SA. Bronchoscopy was 
performed and sputum cultures were taken for TB culture. An initial AFB-microscopy was negative, 
but 6 weeks later the Löwenstein-Jensen medium BALF culture was positive for  M. tuberculosis  and 
the patient was referred to the Pomeranian Hospital for Infectious Diseases for antituberculosis 
therapy.  

   Case 3  In 1994, a 47 year-old woman presented with persistent cough lasting for 3 months. A 
PPD skin test was negative. Radiological examination revealed BHL corresponding to stage I SA. 
The patient had a history of arterial hypertension treated with a calcium channel blocker and an 
angiotensin converting enzyme inhibitor. A supraclavicular lymph node biopsy was performed 
which  demonstrated non-caseating granulomas, and the diagnosis of SA was made. No initial 
steroid therapy was necessary. During the regular follow-up visits over the next 6 years, no further 
pulmonary changes were detected. In 2000, the patient was admitted to the hospital with exertion 
dyspnea, fatigue and fever (38.2°C). Blood pressure was 120/75 mmHg and heart rate was 
100 bpm. A CXR demonstrated pulmonary in fi ltrations corresponding to stage III SA. Steroid 
therapy was initiated with prednisone 25 mg/day. Three months later, regression of the pulmonary 
changes were noted and steroid therapy was tapered off over the following 3 months. During the 
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following 4 years similar incidences  re-occurred and each time steroid therapy was effective. The 
patient was thus kept on a low dose  steroid therapy. At this stage, investigations toward TB, includ-
ing AFB microscopy and the Löwenstein-Jensen medium cultures from BALF and PPD skin tests, 
were negative. 

 In 2007, the patient was admitted to the hospital due to a 4-month history of weight loss, fatigue, 
and fever. Auscultation of the lungs revealed slight crackles at the lower border of the right lung and 
an overall decrease in vesicular sounds over the lung periphery. A HRCT revealed BHL with pulmo-
nary in fi ltration corresponding to stage II SA. An investigation towards tuberculosis was initiated but 
AFB-microscopy, the Löwenstein-Jensen medium cultures and PPD skin test were negative and the 
patient was treated for SA with 20 mg/day prednisone. After initial improvement lasting for 1 week, 
the general state of the patient worsened within the following 4 weeks, with no change in the CXR 
picture. During a diagnostic  fi beroptic bronchoscopy, no macroscopic abnormalities were detected 
and BALF collection was performed for a second mycobacterial culture. Cultures for other bacteria 
and fungi were negative. Analysis for potential cancerous cells was negative as well. AFB-microscopy 
was positive and the following  M. tuberculosis  culture was reported to be positive 6 weeks later. The 
patient was referred to the Pomeranian Hospital for Infectious Diseases and antituberculosis therapy 
was initiated.     

   Table 29.1    Comparison of clinical   , radiological, histopathological, bacteriological, and laboratory features in tuberculosis 
and sarcoidosis   

 Case 1  Case 2  Case 3 

 Age at SA diagnosis  32  55  47 
 Age at TB diagnosis  44  59  61 
 Löfgren syndrome (arthralgia, fever, erythema 

nodosum, hilar lymphadenopathy) 
 Yes  No  No 

 No. of relapses of SA at TB diagnosis  1  3  5 
 Steroid treatment during relapses of SA  Yes  Yes  Yes 
 Steroid treatment for SA at TB diagnosis  Yes  Yes  Yes 
 TB treatment  Successful  Successful  Successful 
 Organ involvement  Lung  Lung  Lung 
 Stage of SA at the 1st presentation  I  II  I 
 Stage of SA at TB diagnosis  II  II  II 
 Noncaseating granulomas in lymph nodes biopsy  +  +  + 
 Laboratory evaluation at SA and TB presentation: 
  Blood count  Normal  Normal  Normal 
  CRP (N: 0.02–8.0 mg/l)  Normal  Normal  Normal 
  Erythrocyte sedimentation rate (N: 1–5 mm/h)  52  32  34 
  Hypercalciuria  No  No  No 
  Hypercalcemia  No  No  No 
  BALF analysis: CD4/CD8 ratio (in SA N:  £ 3.5) 
   Neutrophiles (%)  5.1  4.1  6.8 
   Lymphocytes (%)  19  18  20 
   Macrophages (%)  77  30  10 
   Monocytes (%)  3  11  0 
   Phagocytes (%)  1  9  4 
 Positive  M. tuberculosis  BALF culture  +  +  + 
 PPD test  Negative  Negative  Negative 
 Spirometry  Restrictive  Restrictive  Restrictive 
 Diffusing capacity of the lung for CO (in %)  78  72  75 
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    29.2.1   HLA Typing 

 Genomic DNA was extracted from 10 ml of peripheral blood from each individual using the salt 
extraction method. The HLA class I (A, B, C) and class II (DRB1 and DQ) typing was performed 
using PCR-SSP (Polymerase Chain Reaction with Sequence Speci fi c Primers) ‘low-resolution’ 
(DYNAL) following the method of (   Olerup and Zetterquist  1991  ) . The alleles frequencies were 
 compared using the Fisher test with the Yates’ correction (STATISTICA vs. 9.0, STATSOFT, USA). 
Results were regarded as statistically signi fi cant at p < 0.05.   

    29.3   Results and Discussion 

 In this report we describe three patients who were initially diagnosed with a relapse of chronic 
sarcoidosis (Stage II–III) and were started on corticosteroid treatment, but who were subsequently 
found to have TB. 

 Analysis of HLA class I and II alleles polymorphism revealed in  Case 1 : HLA-A:*01,*26, 
B:*15,*40, C*01,*17, DRB1:*07,*13, DQB1:*02,*03, DQA1:*05,*05; in  Case 2 : HLA-A:*02,*24, 
B:*15,*40, C*03, *07, DRB1:*03,*07, DQB1:*02,*02, DQA1:*02,*05, and in  Case 3 : HLA-
A:*01,*24, B:*15,*40, C*04,*07, DRB1:*11,*16, DQB1:*03,*05, DQA1:*01,*05. 

 For comparison of the distribution of HLA alleles among the three patients, we used data obtained 
from our previous genotyping study in a homogenous population of Polish, Caucasian patients with 
SA, TB, and healthy individuals (Dubaniewicz et al.  2003,   2006  ) . The analysis of the genetic back-
ground of the patient from  Case 1  revealed that she did not have any alleles connected with a high risk 
of developing SA, but had one protecting allele (DQB1*03). Moreover, she had one TB predisposing 
HLA allele (B*15) and three alleles (DQB1*02; two DQA1*05) connected with a low risk of 
 developing TB. The patient from  Case 2  neither had HLA alleles connected with SA development, 
nor alleles protecting from it, but had one allele (B*15) predisposing to TB and  fi ve alleles (A*02; two 
DQB1*02; DQA1*02; DQA1*05) protective for TB. Finally, the patient from  Case 3  had one HLA 
allele (DQA1*01) associated with SA susceptibility, but four other alleles (C*04; DRB1*16; 
DQB1*03; DQB1*05) that are bound with protection from this disorder. In addition, this subject had 
three alleles (B*15; DRB1*16; DQB1*05) predisposing to TB and another three (DRB1*11; 
DQA1*05) linked to a low risk of developing TB. 

 Taken together, among the HLA class I and II alleles in our three patients we noted the occurrence 
of one allele (DQA1*01) bound with a high risk of SA,  fi ve alleles (three B*15; DRB1*16; DQB1*05) 
connected with susceptibility to TB,  fi ve alleles (C*04; DRB1*16; two DQB1*03; DQB1*05) 
 protecting from SA, and ten alleles (A*02; DRB1*11; three DQB1*02; four DQA1*05; DQA1*02) 
connected with a low risk of developing TB. 

 In each case taken separately, there was a trend for a higher number of alleles of both predisposing 
and protecting from TB than from SA, in comparison with healthy individuals. Overall, the number 
of alleles predisposing to TB was statistically greater than the number of alleles connected with a high 
risk of developing SA (5  vs.  1, p = 0.009). Also, the number of alleles bound with protection from a 
disease was statistically higher for TB than for SA (10  vs.  5 alleles, p = 0.02). 

 We also analyzed the frequency of HLA alleles in our three patients in the context of our above 
mentioned genotyping study comparing the occurrence of HLA class I and II in SA and TB patients 
(Dubaniewicz et al.  2003,   2006  ) . In  Case 1  we detected three alleles, the frequency of which is higher 
in SA than TB (DRB1*13; two DQA1*05) and two alleles with a higher frequency of occurrence in 
TB than SA (B*15; DQB1*03). In  Case 2  we noted one allele with a higher occurrence in SA than 
TB (DQA1*05) and another one which is less frequent in SA than TB (B*15). In  Case 3  there were 
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three alleles (DRB1*11; DQA1*01; DQA1*05) which are more frequent in SA than TB and four 
alleles (B*15; DRB1*16; DQB1*03; DQB1*05) which are more frequent in TB than SA. In all cases 
taken together, the number of alleles more common in SA than TB equal that for the reverse (7  vs . 7 
alleles). Also, in each case separately, the number of alleles with a higher occurrence in SA than TB 
and those that appeared more often in TB than SA were statistically equal (3  vs . 2 alleles, p = 0.78 in 
 Case 1 , 1  vs . 1 allele in  Case 2 , and 3  vs . 4 alleles, p = 0.63 in  Case 3 ). These results point to the 
patients’ well balanced susceptibility to both SA and TB. 

 According to our previously published analysis of HLA in Polish patients with Stage II SA, HLA-
B5, B8, DRB1*15 and DQA1*01 were found signi fi cantly more frequently, whereas HLA-B13, 
B35, Cw4, DRB1*16, *04, *08, DQB1:*03, *04, *05, *06 and DQA1*03 were less common than 
in healthy individuals (Dubaniewicz et al.  2003,   2006  ) . In TB patients, on the other hand, HLA-
B15, Cw5, DRB1:*16,*14, DQB1*05, DQA1*03 were detected more often and HLA-A2, 
DRB1*11, DQB1*02, DQA1:*02, *05 less frequent than in controls. In addition, in Stage II 
SA, HLA-B5, B8, DRB1:*11, *13, *15, DQA1:*01, *05 were statistically more frequent and HLA-
B13, B15, Cw4, DRB1:*04, *14, *16, DQB1:*03, *05, *06, DQA1*03 less common than in TB. 
The occurrence of other tested antigens was comparable for all three populations. It is worth noting 
that an opposite relation was found for the disease development risk associated with DRB1*16 and 
DQB1*05 allele present in Polish patients with SA or TB in comparison with healthy individuals. 
Both alleles were protective against SA and at the same time were risk factors for TB (Dubaniewicz 
et al.  2003,   2006  ) . 

 Studies on the occurrence of HLA alleles in various ethnic groups revealed a signi fi cantly higher 
presence of HLA class I: A1, B8, B13, B27, Cw7 and HLA class II: DRB1:*03,*11,*12,*14,*15, 
DRw52, DQA1:*01,*03,*05 alleles than those of DRB1:*01, *04, *07, DQB1*05 alleles in SA 
patients (Morgenthau and Iannuzzi  2011 ; Sato et al.  2010  ) . However, for TB susceptibility a strong 
connection was found for HLA genes located in locus B: HLA-B5, B8, B15, B18, B27, B35 and for Cw5, 
but also for DRB1:*15,*16, DQA1*01 and DQB1:*05, *06 alleles (Dubaniewicz et al.  2003,   2006 ; 
Yim and Selvaraj  2010  ) . On the other hand, less frequent presence of RB1:*04,*07,*08,*11,*13,*14, 
DQA1*05 and DQB1:*02,*03,*04 alleles was noted in TB, compared with healthy individuals. In 
patients with both diseases, DRB1:*14,*15, DQA1*01 and DQB1:*05,*06 alleles were more  frequent 
than in healthy subjects. It is also worth noting that in studies on various ethnic groups, the frequency 
of occurrence of DRB1:*04, *06,*08,*11 and DQB1:*03,*04 alleles were opposite in SA and TB 
patients, i.e., a positive correlation for developing SA and a negative for developing TB was found for 
those alleles (Goljan et al.  2000  ) . As above mentioned, an opposite relation to SA and TB develop-
ment was also found for HLA polymorphism in the Polish population of patients, although for differ-
ent alleles (DRB1*16 and DQB1*05) (Dubaniewicz et al.  2003,   2006  ) . Those observations indicate 
the possible reciprocal direction of associations between HLA polymorphism and the two diseases, 
depending on the patients’ ethnic origin. However, some other studies (reviewed in Dubaniewicz et al. 
 2006  )  show no signi fi cant correlation of either SA or TB with DR and DQ haplotypes. Therefore, data 
from different ethnic or racial groups are not always consistent and some alleles that are protective for 
SA or TB in one population can be connected with a high risk of developing the disease in another 
(Sato et al.  2010 ; Yim and Selvaraj  2010  ) . 

 The discrepancy between results obtained for different ethnic groups may be caused by speci fi city 
and sensitivity of applied methods, different frequencies of HLA class I and II subtypes, patterns of 
linkage disequilibrium and/or by different polymorphism of HLA residues and subsequent changes in 
antigen presentation during mycobacterial infection and/or autoimmune process. 

 The occurrence of certain HLA alleles is directly associated with changes in (auto)antigen(s) pre-
sentation to T lymphocytes and with following immune response, resulting in granuloma formation 
and organ dysfunction. It has been shown that DRB1*16 and DQB1*02 class II alleles, present in our 
patients (in  Case 3 , and in both  Case 1  and  Case 2 , respectively), interact with T-cells during 
 mycobacterial ESAT-6 (early secretory antigen target) antigen recognition. Moreover, several epitopes 
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of  M. tuberculosis  antigens, e.g., hsp65 p2-12 peptide binding speci fi cally to HLA coded by DRB1*03 
allele, peptides p61-75 and p141-155 interacting mostly with DRB1*16 and DRB1*07 (present in 
 Case 1  and  Case 2 ), and p501-515 interacting also with DRB1*16, were found to affect the regulation 
of the immunoreactivity of an individual during infection (reviewed in Dubaniewicz et al.  2005  ) . The 
immunoreactivity of an organism to  M. tuberculosis  infection is regulated not only by hsp65, but also 
by other mycobacterial heat shock proteins – hsp16 and hsp70, which epitopes bind selectively to 
HLA-DRB1*01, DRB1*15,*16, DRB1*03, DRB1*04, DRB1*07, DRB4*01, DQA1*03 and 
DQB1*03 (allele present in  Case 1  and  Case 3 ) (reviewed in Dubaniewicz  2010  ) . Additionally, 
DQB1*05 (present in  Case 3 ) has been found to in fl uence the charge in the putative peptide binding 
pocket P9 of the DQ molecule, present in some individuals, and to be associated with the progression 
of TB by affecting the mycobacterial antigen presentation and down- regulating the immune response. 
Another study has found a strong association of DQB1*03 allele and no association of HLA-DR with 
immunosuppression in advanced TB (reviewed in Dubaniewicz et al.  2005  ) . Kurian et al.  (  2004  ) , 
however, noted that DRB1*03-positive TB patients have decreased the Th1 lymphocyte response in 
comparison with DRB1*03-nagative ones. Moreover, this allele is connected with decreased IFN- g  
and TNF- a  and increased TGF- b  production, and hence with reduced Th1 response in patients with 
SA (Idali et al.  2006 ; Wahlstrom et al.  2001  ) . In contrast to other genotyping studies (Idali et al.  2006 ; 
Sato et al.  2010  ) , a high occurrence of DRB1*03 and DQB1*02 alleles in our patients correlated with 
chronic course of SA, and not with good prognosis Thus, it is possible that a low Th1 lymphocyte 
response associated with this particular haplotype together with a higher occurrence of HLA alleles 
predisposing to TB development, could induce TB. In contrast to this data, other authors have found 
that DRB1*03 and DQB1*03 alleles enhance the ef fi ciency of the immune response to  M.  tuberculosis , 
while presenting mycobacterial hsp65 epitopes to T-cells. DRB1*03, DRB1*07 and DRB1*15,*16 
has also been found to enhance Th1 activity due to  M. tuberculosis  MPB70 p8, p12 and p13 peptides 
presentation (reviewed in Dubaniewicz et al.  2005  ) . Furthermore, DRB1*16 allele has been shown to 
elevate the level of circulating antibodies against 38kD protein of tubercle bacilli, and thus to enhance 
the immune response during TB. This is in agreement with the study performed by Khomenko et al. 
 (  1990  ) , who have found in six ethnic groups of the Soviet Union that TB patients with DRB1*15,*16 
allele have increased levels of IgG after PPD skin test. The authors also noted an association between 
dynamics of TB course and increased occurrence of DRB1*15,*16 and B15 (present in all the cases), 
and a decreased frequency of DRB1*03. The B15 antigen, along with other antigens from HLA locus 
B, is connected with TB development in various ethnic populations, including TB patients from 
Poland (reviewed in Dubaniewicz et al.  2005  ) . 

 Some HLA alleles are additionally connected with the development of either acute or chronic form 
of SA. For example, DRB1*15,*16-positive and TNF-A2-negative patient’s haplotype is connected 
with a chronic course of sarcoidosis and worse prognosis, present in our cases (Mrazek et al.  2005 ; 
Swider et al.  1999  ) . DRB1*11 allele (present in  Case 3 ) is strongly associated with a chronic course 
of SA and is correlated with the presence of  M. tuberculosis  DNA (Grosser et al.  2005  ) . Furthermore, 
Grosser et al.  (  2005  )  have reported that the percentage of  M. tuberculosis -positive SA patients was 
higher in a chronic course of the disease, in comparison with an acute form of it. The authors con-
cluded that mycobacterial antigens can play a major pathogenic role in the chronic course of the dis-
ease (Grosser et al.  2005  ) . In addition, some of HLA alleles, e.g., DRB1*03, DQB1*03, DQA1*05, 
and DQB1*02, which were present in our patients from  Cases 1–3,  can be associated with a high risk 
of the development of autoimmunological disorders (Plesner et al.  2002 ; Price et al.  1999 ; Sidney 
et al.  2002  ) , and sarcoidosis is considered to be one such candidate due to molecular mimicry between 
human and mycobacterial hsp (Dubaniewicz  2010  ) . DQB1*05 allele is said to contribute to the devel-
opment of sarcoidosis and autoimmune manifestations (Papadopoulos et al.  2006  ) . 

 The above outlined associations between mycobacterial antigens, HLA polymorphism, and the 
course of in fl ammation point to the complexity of the immune response to  M. tuberculosis  infection. 
Mycobacterial heat shock proteins, especially hsp16 and ESAT-6 are the antigens speci fi c for the 
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dormant stage of TB and can be at play in the etiopathogenesis of sarcoidosis (reviewed in Dubaniewicz 
 2010  ) . It is possible that in a host infected with  M. tuberculosis , mycobacterial hsp develop a polar 
sarcoid (e.g., Löfgren syndrome) or a polar tuberculoid (e.g., chronic sarcoidosis), or other borderline 
forms of sarcoidosis or tuberculosis, depending on genetically different background of patients 
(e.g., HLA and non-HLA genes). In addition, the described HLA allele distribution between SA and 
TB in our cases points to the balance in patients’ susceptibility to both diseases. In comparison with 
healthy individuals, SA patients who subsequently develop TB have more alleles connected with 
protection from TB than from SA. Hence, greater protection from developing TB, derived from the 
patients’ genetic background, in conjunction with environmental factors may have resulted in the 
development of sarcoidosis as the  fi rst disorder. Due possibly to decreased immune response with low 
lymphoproliferation caused by age or inhibition of HLA class II antigen expression during treatment 
with corticosteroids (applied in all cases),  b -blockers, statins, and calcium channel blockers (in 2 out 
of 3 cases), a higher number of HLA alleles predisposing to TB observed may have provoked 
 tuberculosis (Livnat et al.  1987 ; Mach  2002 ; Messerli and Grossman  1998 ; Steffens and Mach  2004  ) . 
Therefore, patients’ genetic susceptibility should be considered in tailoring individual therapy. An 
analysis of patients’ genetic background may protect from an excessive decline in his immune response 
during drug therapy and prevent from tuberculosis development, as SA and TB seem to be intercon-
nected and may be caused by one agent –  M. tuberculosis  or its antigen(s).      
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  Abstract   The etiology of in fl ammatory diseases of the lung like sarcoidosis and chronic obstructive 
pulmonary disease (COPD) is multifactorial. The main trigger for developing a COPD is tobacco 
smoking while exogenous factors causing sarcoidosis are unclear. In both diseases there is an underly-
ing genetic susceptibility determining both the onset and the course of the diseases. Toll-like receptor 
(TLR)-9 plays an important role in innate immunity by recognizing bacterial CpG-DNA motifs. It is 
unclear whether single nucleotide polymorphisms (SNPs) in TLR-9 are able to alter the course of 
sarcoidosis or COPD, or raise the susceptibility for developing one of the disorders. We examined 
two SNPs in the promoter region of the TLR-9 gene (T1486C and T1237C) in 175 COPD patients 
(59% with a stable course of the disease, 41% with an instable course with more than 3 exacerbations 
over the last 3 years) and 166 sarcoidosis patients (19% with an acute and 81% with a chronic course 
of the disease lasting >2 years) comparing each group to 233 healthy controls. Polymerase chain reaction 
(PCR) and restriction fragment length polymorphism (RFLP) analysis was used for genotyping. 
The C-allele frequency of T1486C was signi fi cantly elevated in COPD patients (p = 0.008). For T1237C 
there were no signi fi cant associations comparing the COPD cohort with the controls. In the sarcoidosis 
cohort, we could observe a signi fi cantly higher prevalence of the C-allele for T1237C in the chronic 
sarcoidosis cohort in comparison to the control group (p = 0.026). For T1486 there no statistical associa-
tion was observed. This is the  fi rst study showing an association between a SNP (T1486C) in the TLR-9 
gene and the onset of COPD. Moreover, we could demonstrate that T1237C is able to alter the course 
of sarcoidosis as a disease-modifying gene. This study underlines that SNPs in TLR-9 might be involved 
in acquiring and maintaining lung diseases such as sarcoidosis and COPD.  

  Keywords   COPD  •  Gene polymorphism  •  Sarcoidosis  •  TLR9  •  Tobacco smoking     
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    30.1   Introduction 

 Sarcoidosis is an in fl ammatory granulomatous multisystem disorder, primarily affecting the lungs 
and lymph nodes. Other organs, including skin, heart, and liver may also be af fl icted. The disease 
is  characterized by noncaseating granulomas and an exaggerated cellular immune response caused 
by increased in fl ammatory activity of macrophages (Iannuzzi et al.  2007  ) . The course of most 
sarcoidosis patients is short and favorable, but about 20% develop a chronic and prolonged  disease, 
requiring  treatment with corticosteroids. Up to 5% of all patients suffer severe complications such 
as lung  fi brosis. The etiology remains unclear. Evidence suggests that it is the product of an 
unknown  exogenous antigenic stimulus and an endogenous genetic susceptibility (Statement on 
sarcoidosis  1999  ) . 

 Progressive air fl ow limitation due to chronic obstructive bronchitis and emphysema is the main 
characteristic of chronic obstructive pulmonary disease (COPD). COPD ranks fourth as a global cause 
of death and shows a worldwide increase both in morbidity and mortality (Murray and Lopez  1997  ) . 
The most causative environmental factor for developing a COPD is tobacco smoke (Sandford and 
Paré  2000  ) . However, not all smokers develop a COPD, indicating that other factors are at play. 
A genetic background also is supported by family studies (McCloskey et al.  2001  ) . 

 Toll-like receptor (TLR)-9 recognizes bacterial CpG (cytosine-phosphodiester-guanine)-DNA 
motifs and therefore plays an important role in innate immunity (Hemmi et al.  2000  ) . TLR-9 is ubiqui-
tously expressed in cells of the human bronchial system and lung such as in bronchial epithelium 
(Mayer et al.  2007  ) , alveolar macrophages, blood monocytes (Juarez et al.  2010  ) , dendritic cells 
(Hemmi et al.  2000  ) , and neutrophil granulocytes (Hayashi et al.  2003  ) . Furthermore, it is suggested 
that TLR-9 plays an active role in the proliferation of activated CD4+ T cells (Chiffoleau et al.  2007  ) . 

 In the present study we examined two single nucleotide polymorphisms (SNPs) in the promoter 
region of TLR-9: T1237C (rs5743836) and T1486C (rs187084). Both SNPs change protein products 
characterized for their downregulation of TLR-9 expression by luciferase reporter gene assays 
(Tao et al.  2007  )  and could be associated with autoimmune diseases such as atopic dermatitis 
(Novak et al.  2007  )  and asthma (Berghöfer et al.  2005  ) . To evaluate genetic causes in the TLR-9 gene 
that in fl uence the susceptibility or the course of COPD and sarcoidosis, we performed a genetic 
 case-control study in two large Caucasian COPD and sarcoidosis cohorts.  

    30.2   Genotyping 

    30.2.1   Patient Population 

 The research was carried out in accordance with the Declaration of Helsinki of 1989 of the World 
Medical Association, and the study was approved by the Ethics Committee of Bonn, University 
School of Medicine, Germany/St. George Medical Center Leipzig, Germany. Written informed 
 consent was obtained from each patient prior to their enrolment. Patients with severe medical disor-
ders including malignancy and immunological disorders were excluded from the study. All patients 
were at least 18 years old. 

  COPD patients:  175 patients with COPD were recruited in the Department of Internal Medicine, 
Rheinische-Friedrich-Wilhelms University, Bonn, Germany, and the Department of Internal Medicine, 
St. George Medical Center Leipzig, Germany. The diagnosis of COPD was made according to the 
guidelines of the ATS/ERS (Celli and MacNee  2004  ) . Blood samples were collected from two groups 
of patients with COPD. The  fi rst group comprised 72 patients with more than 3 hospitalizations over 
the last 3 years due to COPD exacerbations. This group was de fi ned as ‘instable COPD’. Lung  function 
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in these subjects was measured before discharge. The second group included 103 outpatients with 
stable COPD. All body plethysmographic tests were performed according to the ATS/ERS criteria 
(Pellegrino et al.  2005  ) . Smoking habit was de fi ned as follows: non-smokers had never smoked; 
 ex-smokers had smoked daily and given it up prior to entering the study. Smokers have smoked daily 
at the time of study. The amount of lifetime smoking was assessed as packyears (years of smoking x 
number of packs of 20 cigarettes per day). The baseline characteristics are shown in Table  30.1 .  

  Sarcoidosis patients:  166 Caucasian patients with diagnosed sarcoidosis were included in the present 
study. They were recruited from the outpatient clinic of the Department of Internal Medicine, Rheinische-
Friedrich-Wilhelms University, Bonn, Germany and from sarcoidosis peer-support groups nearby. 
Sarcoidosis was con fi rmed by biopsy evidence of noncaseating epitheloid cell granulomas in any organ 
and chest X-ray (posterior-anterior and lateral) abnormalities. Radiological staging was in accordance 
with ATS/ERS/WASOG Guidelines (Statement on sarcoidosis 2009). For statistical analysis, a ‘chronic 
course’ was de fi ned as  either  having symptoms over at least 2 years  or  a minimum of two episodes in a 
lifetime. ‘Acute sarcoidosis’ was de fi ned as only one episode of sarcoidosis prior to examination, which 
has completely resolved. The baseline characteristics are shown in Table  30.2 .  

  Healthy controls:  233 healthy controls were selected in pre-engaging examinations at the University 
of Bonn, Germany. They were all residents of Germany. None had a history of lung disease or showed 
any symptoms of lung or other disease. Lung function tests were performed in all controls. All showed 
normal  fi ndings in laboratory examination, which included complete blood counts, urine analyses, 
hepatic enzyme activities and BUN levels. For comparison with the COPD cohort only 170 controls 
were selected for matching age and smoking status.  

    30.2.2   Methods    

 Peripheral venous blood samples of 9 ml were drawn from each patient by standard venous puncture. 
Each blood sample was collected in sterile tubes containing 15% K

3
EDTA solution. DNA was  isolated 

by salting out procedure described by Miller et al.  (  1988  ) . Polymerase chain reaction (PCR) was used 
to determine the TLR9-genotypes (Table  30.3 , Figs.  30.1  and  30.2 ). PCR was carried out in 25- m l reaction 
mixture containing 1  m g of genomic DNA, 1  m l of each 10  m M primer (MWG-Biotech, Ebersberg, 

   Table 30.1    Baseline characteristics of COPD patients and healthy controls   

 COPD all  COPD stable  COPD instable  Controls 

 n  175  72  103  170 
 Sex (M/F)  115/60  45/27  70/33  77/93 
 Age (yr ± SD)  63.7 ± 10.7  63.0 ± 11.7  64.3 ± 10.0  62.3 ± 13.3 
 Packyears ± SD  33.9 ± 26.1  32.5 ± 25.5  34.9 ± 26.6  18.7 ± 8.4 
 Smoker (%)  73 (41.7%)  32 (44.4%)  41 (39.8%)  52 (30.6%) 
 Non-smoker (%)  18 (10.3%)  4 (5.6)  14 (13.6%)  20 (11.8%) 
 Ex-smoker (%)  84 (48.0%)  36 (50.0%)  48 (46.6%)  98 (57.6%) 
 FEV1%pred. ± SD  52.0 ± 20.8  58.5 ± 19.0  47.3 ± 0.9  97.9 ± 20.4 
 FEV1/FVC  59.3 ± 15.9  62.2 ± 15.3  57.2 ± 16.1  83.8 ± 26.5 

   Table 30.2    Baseline characteristics of sarcoidosis patients and healthy controls   

 Sarcoidosis all  Sarcoidosis acute  Sarcoidosis chronic  Controls 

 n  166  32  134  233 
 Age (yr ± SD)  50.7 ± 13.6  42.8 ± 10.4  52.5 ± 12.4  48.6 ± 16.5 
 Sex (M/F)  74/92  14/18  60/74  111/122 
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Germany), 0.5 U Taq-polymerase (Invitrogen, Karlsruhe, Germany), 1  m l of each 1.25 mM base 
(Amersham, Braunschweig, Germany), 2.5  m l 10 × PCR-buffer (Invitrogen). The cycling  condition 
both SNPs consisted of an initial cycle 95°C for 6 min in a thermocycler followed by 29 cycles 
(for rs5743836) or 34 cycles (for rs187084) denaturation with 95°C for 30 s, annealing with 
62°C for 30 s and extension with 72°C for 60 s. A  fi nal synthesis step with 72°C for 10 min  terminated 
the reaction.    

 SNP genotyping was performed by digestion with the restriction endonucleases A fl II (rs187084, 
New England Biolabs, Frankfurt am Main, Germany) and BstNI (rs5743836, New England Biolabs), 

   Table 30.3    Determination of the TLR-9 genotypes, sequences of primers as used for PCR and restriction fragment 
polymorphism analysis   

 Gene  SNP  Primers  Restriction enzyme  Fragments 

 TLR 9   T1486C   F: 5 ¢ TCCCAGCAGCAACAATTCATTA-3 ¢   A fl  II (37°C)  C-allele: 499 bp 
 rs187084  R: 5 ¢ CTGCTTGCACTTGACTGTGT-3 ¢   T-allele: 172 bp 

+327 bp 
  T1237C   F: 5 ¢ ATGGGAGCAGAGACATAATGGA-3 ¢   BstN I (60°C)  C-allele: 60 bp 

+48 bp +27 bp 
 rs5743836  R: 5 ¢ CTGCTTGCACTTGACTGTGT-3 ¢   T-alelle: 108 bp, 

27 bp 

  Fig. 30.1     Restriction fragments of T-1486C  after enzymatic digestion with A fl II;  line 1  – marker VIII;  lines 2, 4, 5, 
8, 9, 10, and 13  – homozygous TT-genotype;  lines 3, 6, 7, 11, and 12  – heterozygous TC-genotype;  line 14  – homozygous 
CC-genotype       

  Fig. 30.2     Restriction fragments of T-1237C  after enzymatic digestion with BstNI;  line 1  – marker VIII;  lines 2, 3, 4, 
5, 7, 8, 9, 10, 12, 13, 14, 15, 16, 17, 18, 19, and 20  – homozygous TT-genotype;  lines 6, 11, and 21  – heterozygous 
TC-genotype;  line 22  – homozygous CC-genotype       
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respectively. The resulting fragments were separated on 3% MetaPhor agarose (Biozym, Hessisch 
Oldendorf, Germany) and stained with ethidium bromide (Fig.  30.2 ). 

 Statistical analysis was performed using software SPSS (version 13.0, Chicago, IL, USA). For 
each SNP, the distribution of genotypes was tested for differences between controls and stable/insta-
ble patients using Perason’s chi-square test. The number of participants in the study led to a statistical 
power that ranged above 0.8.   

    30.3   Results 

 The baseline characteristics of COPD and sarcoidosis patients are displayed in Tables  30.1  and  30.2 . The 
detailed results including the genotype distribution are presented in Table  30.3  (COPD) and Table  30.4  
(sarcoidosis). In the COPD cohort, signi fi cant differences for T1486C were observed  comparing all 
COPD patients to the healthy controls due to an elevated frequency of the mutated C-variant (p = 0.008). 
No differences in between the COPD subgroups – stable  vs . instable – could be detected for T1486C. 
However, each group compared to the controls showed signi fi cant results (p = 0.046). No signi fi cant dif-
ferences for T1237C were found comparing the COPD cohort with the controls.  

 In the sarcoidosis cohort, we demonstrated more C-alleles for T1237C compared to the controls 
with a signi fi cance in the chronic group (p = 0.026). For T1486C, we only observed a trend toward 
increased C-allele frequency with equal distribution in the acute and the chronic group. However, 
statistical signi fi cance (p = 0.054) was not reached (Table  30.5 ).   

   Table 30.4    Genotype distribution in the different COPD cohorts compared to healthy controls   

 COPD all  COPD stable  COPD instable  Controls 

 T1486C 
 TT  46 (26.3%)  20 (27.8%)  27 (26.2%)  66 (38.8%) 
 TC  103 (58.9%)  43 (59.7%)  59 (57.3%)  72 (42.4%) 
 CC  26 (14.9%)  9 (12.5%)  17 (16.5%)  32 (18.8%) 
 p a    0.008    0.046    0.046  
 T1237C 
 TT  125 (71.4%)  50 (69.4%)  75 (72.8%)  124 (72.9) 
 TC  46 (26.3%)  21 (29.2%)  25 (24.3%)  43 (25.3) 
 CC  4 (2.3%)  1 (1.4%)  3 (2.9%)  3 (1.8%) 
 p a   0.914  0.881  0.869 

   a Compared to controls, signi fi cant results are printed in bold  

   Table 30.5    Genotype distribution in the different sarcoidosis cohorts compared to healthy controls   

 Sarcoidosis all  Sarcoidosis acute  Sarcoidosis chronic  Controls 

 T1486C 
 TT  57 (34.3%)  9 (28.1%)  48 (35.9%)  90 (38.6%) 
 TC  89 (53.6%)  18 (56.3%)  71 (53.0%)  99 (42.5%) 
 CC  20 (12.1%)  5 (15.6%)  15 (11.1%)  44 (18.9%) 
 p a   0.054  0.091  0.070 
 T1237C 
 TT  110 (66.3%)  23 (71.9%)  87 (64.9%)  175 (75.1%) 
 TC  54 (32.5%)  8 (25.0%)  46 (34.3%)  52 (22.3%) 
 CC  2 (1.2%)  1 (3.1%)  1 (0.8%)  6 (2.6%) 
 p a   0.056  0.923   0.026  

   a Compared to controls, signi fi cant results are printed in bold  
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    30.4   Discussion 

 This is the  fi rst study genotyping SNPs in the promoter region of TLR-9 in two large cohorts of 
patients with COPD and sarcoidosis comparing the genotype frequencies to a group of healthy 
 controls. The results of the study suggest the T1486C SNP is a susceptibility gene for COPD, without 
acting as a disease modifying gene. In sarcoidosis, the T1237C polymorphism might operate as a 
disease modifying gene. 

 For both examined TLR-9 promoter polymorphisms, a functional relevance seems probably. By 
luciferase reporter gene assay, a signi fi cantly higher promoter activity of the (TT) genotype of T1237C 
(Novak et al.  2007  )  was demonstrated. In a different study, the C-allele was identi fi ed as a risk factor for 
the development of  H. pylori -induced gastric precancerous lesion (Ng et al.  2010  ) . Functional analysis of 
the SNP showed that carriage of the C-allele increased TLR-9 transcriptional activity driven mainly by 
activation of NF-kappaB. In COPD (Isajevs et al.  2011  )  and in sarcoidosis (Drent et al.  2001  )  higher 
NF-kappaB expression is found at the site of the disease. As we detected signi fi cantly more C-alleles in the 
cohort with a chronic disease, this could lead to higher TLR-9 expression in chronic sarcoidosis patients. 
However, this is only putative as neither NF-kappaB levels nor TLR-9 expression were studied. 

 Regarding genetic aspects, the results of a linkage study noted TLR-9 as a possible candidate gene 
for sarcoidosis (Schurmann et al.  2001  ) , while a Dutch study showed no association between genetic 
variants and TLR9 in sarcoidosis population from the Netherlands (Veltkamp et al.  2010  ) . However, the 
latter study did not look for different phenotypes of sarcoidosis. Therefore, our results with C1237T 
acting as a modifying SNP in sarcoidosis do not stand in contrast with the results of the Dutch study. 

 So far only two studies have examined the functionality of the TLR-9T-1486C SNP. Both studies 
showed that under basal conditions the C-allele of the TLR-9 T1486C SNP is associated with lower 
receptor expression (Tao et al.  2007 ; Elmaagacli et al.  2009  ) . However, after stimulation of cells with 
CpG DNA, the C-allele in contrast to the T-allele resulted in a signi fi cant upregulation of TLR9 
expression (Elmaagacli et al.  2009  ) . 

 As we found signi fi cant more C-alleles in the COPD group a possible explanation would be that 
CpG DNA motifs as chronic in fl ammatory trigger cause upregulation of TLR-9 expression. As TLR-9 
mediates cigarette smoke-induced release of proin fl ammatory CXCL8, this interaction may contribute 
to the accumulation of neutrophils and in fl ammation within the airways of smokers (Mortaz et al.  2010  ) . 
A participation of TLR-9 SNPs in the pathogenesis of COPD has been examined only in one study 
before which could not  fi nd any association between the TLR-9 C1237T SNP and the risk for the 
development of COPD (Lazarus et al.  2003  ) . A limitation in this study certainly is a relatively small 
sample size, comprising only 70 COPD patients. 

 In conclusion, we assume that polymorphisms in TLR-9 are a very promising target for further 
investigation in the context of in fl ammatory lung diseases such as COPD or sarcoidosis. As genetic 
studies are only hypothesis generating, prospective functional investigations in these cohorts are 
required to validate the genetic results.      
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  Abstract   Adiponectin plays a protective role against atherosclerosis. Genetic investigation has 
revealed that G276T adiponectin gene polymorphism is related to adiponectin concentration and 
metabolic disturbances. The aim of the present study was to investigate the association of adiponectin 
gene G276T polymorphism with indices of atherosclerosis in obese children. We examined 159 
children (125 obese and 34 non-obese). G276T of adiponectin gene polymorphism was identi fi ed 
using a PCR-RFLP method. The intima media thickness (IMT) was evaluated in 82 patients. In all 
children, the anthropometric indices, fasting plasma total cholesterol (TC), HDL and LDL cholesterol, 
triglycerydes (TG), C-reactive protein (CRP), and adiponectin were measured. Oral glucose tolerance 
test (OGTT) also was performed. We found that the obese patients presented with higher values of 
atherogenic indicators than the non-obese patients. The indicators positively correlated with CRP and 
lipid concentrations. Ninety one percent of obese children presented with elevated IMT which 
correlated with CRP. The children with GG genotype (GG + GT allele) had lower values of BMI, TC, 
and TG but higher adiponectin concentrations. The mean level of adiponectin was statistically 
decreased in the compared with the homozygous TT children. The other anthropometric and athero-
genic indicators did not differ between these two sets of obese children. We conclude that adiponectin 
concentrations were decreased in children with polymorphism G276T in adiponectin gene. The study, 
however, failed to show signi fi cant associations between carotid IMT, lipid markers, blood pressure, 
or HOMA-IR in obese children.  

  Keywords   Adiponectin  •  Atherosclerosis  •  Children  •  Genes  •  Polymorphism  •  Obesity  •  Intima 
media  •  Oral glucose tolerance    
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    31.1   Introduction 

 Adiponectin is secreted by white adipose tissue and exists as the most abundant adipokine in the human 
plasma. Adiponectin is dramatically up-regulated during adipogenesis and remains one of the most 
adipocyte-speci fi c gene products identi fi ed to-date (Diez and Iglesias  2003  ) . It is also known as ACRP30, 
apMI, adipoQ, and GBP28. Adiponectin is encoded by the ADIPOQ  gene  on chromosome 3q27, a region 
identi fi ed as susceptibility locus for the metabolic syndrome and T2DM by genome wide scans 
(Mori et al.  2002 ; Trujilio and Scerer  2005  ) . Accumulating evidence shows that adiponectin regulates 
sensitivity for insulin, insulin resistance and  b -cell dysfunction. Reduction of plasma/serum adiponectin 
levels is signi fi cantly related to the development of diabetes, obesity, and insulin resistance. Genetic 
studies have previously implicated  the ADIPOQ locus  as in fl uencing variation in adiponectin levels (Heid 
et al.  2006 ; Pollin et al.  2005  ) . Many studies have reported that single nucleotide polymorphisms (SNPs) 
in the adiponectin gene are associated with T2DM in different populations (Gibson and Froguel  2004 , 
   Hara et al.  2002 ). However, the results of these studies show strong racial and regional variations. 

 Experimental evidence suggests that adiponectin might play a protective role against atherosclerosis. 
Low plasma adiponectin has been reported in coronary heart disease and has correlated with some risk 
factors of cardiovascular diseases such as male sex, high blood pressure, obesity, and type 2 diabetes 
mellitus (Kazumi et al.  2002 ; Kondo et al.  2002  ) . During the early phase of atherosclerosis, the 
macrophages secrete various cytokines and growth factors that promote smooth muscle cell’s prolif-
eration. Adiponectin has been shown to reduce the secretion of TNF- a  by macrophages and to 
attenuate biological effects induced by TNF- a  (Ouchi et al.  2001  ) . 

 Adiponectin also inhibits the expression of intracellular adhesion molecule-1, endothelial cell adhe-
sion molecule-1 and E-selectin in endothelial cells  in vitro  and prevents the attachment of  monocytes 
to TNF- a  prestimulated human aortic endothelial cell (Ouchi et al.  1999,   2001  ) . The above outlined 
data suggest that this adipocyte-derived cytokine may exert anti-in fl ammatory and anti-atherogenic 
effects, especially on endothelial cells and macrophages, and may play a protective role in experimental 
models of vascular injury as well as in the early events of the atherosclerotic process. The relationship 
between plasma adiponectin level and various anthropometric and metabolic indices has been exten-
sively studied in adults. Similarly in children and adolescents several studies suggest that plasma 
adiponectin can serve as an independent risk factor for the development of the metabolic syndrome, 
insulin resistance, or cardiovascular diseases later on in adulthood (Ogawa et al.  2005 ; Panagopoulou 
et al.  2008  ) . Potentially, hypoadiponectinemia, together with other risk factors, may cause early 
progression of atherosclerosis in childhood and modulate the risk of cardiovascular diseases. The 
carotid artery intima media thickness (IMT) is an established, intermediate phenotype of atherosclerosis 
that has been used to monitor the development of pre-clinical atherosclerosis and to predict the onset 
of future cardiovascular events, such as myocardial infarction and stroke (Lorenz et al.  2007 ; O’Leary 
et al.  1999  ) . IMT is an acknowledged morphological marker of early atherosclerosis and predictor of 
future cardiovascular events. This parameter can be measured non-invasively through the use of 
ultrasound imaging and enabling strati fi cation of subjects into various risk classes. 

 The aim of this study was to investigate the association between adiponectin gene G276T polymor-
phism and plasma levels of adiponectin, IMT, lipids, HOMA-IR, and anthropometric measurements 
in obese children. We also studied whether selected risk factors for atherosclerosis (C-reactive 
protein) and lipid indicators are related to adiponectin levels.  

    31.2   Methods 

 The study protocol was approved by the Research and Ethics Committee of Warsaw Medical University 
in Warsaw, Poland. The examined group included 125 obese children and adolescents with simple 
obesity (62 girls and 63 boys) aged 11–18 (mean age 11.8 ± 3.3 years) sequentially recruited from 
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outpatients of the Pediatric Endocrinology Clinic at Children’s Hospital of the Warsaw Medical 
University in Warsaw, Poland. There were no signi fi cant differences in age and sex among obese and 
non-obese children. A complete history was obtained and physical examination was carried out in all 
the participants. 

 The BMI was calculated as weight/height 2  (kg/m 2 ), BMI z-score adjusted for age and sex was calcu-
lated using normative data. Obesity was de fi ned as a BMI z-score of more than +2. The BMI of all obese 
subjects was >95th percentile for age and sex reference values. The control group consisted of 34 healthy 
normal weight (BMI < 85th percentile for age and sex reference values) children (17 girls and 17 boys) 
aged 11–18 years (mean age 13.5 ± 2.5). In 82 patients, the IMT was evaluated (67 obese and 15 non-
obese children). All included children were free from any allergic disease, immune, and hematological 
disorders. Height (cm), weight (kg) and blood pressure were measured using standardized equipment. 
Waist circumference (cm) was measured and referred to percentile charts. Hip circumference (cm), 
WHR (waist-to-hip ratio) and the sum of the thickness of 3 and 10 skin and fat folds (mm) were mea-
sured and calculated. WHtR (waist-to-height ratio) was calculated. The percentage of fat tissue content 
measured in skin and fat folds on the arm and below the shoulder blade was calculated using Slaughter’s 
equation (Slaughter et al.  1988  ) . All children in the control group were at 25 percentile or less of the 
obesity measures. Hypertension was de fi ned as a value of systolic and/or diastolic blood pressure  ³ 95th 
percentile for sex and age. Prehypertension was de fi ned as a value of systolic and/or diastolic blood 
pressure from the 90 to 95th percentile. The IMT of the common carotid artery was determined using 
duplex ultrasonography. A value of IMT  ³ 0.5 mm was taken as abnormally increased. 

    31.2.1   Biochemical Tests 

 Oral glucose tolerance test (OGTT) in obese children included the measurements of glucose and insulin 
levels after a standard glucose load (1.75 g/kg, max 75 g) at 0, 30, 60, 90, 120 min after a prior 10–12-h 
fast. Insulin concentrations were measured by RIA (Radio-Immuno-Assay), plasma glucose level was 
measured using dry-chemistry method. Insulin resistance was estimated using the fasting plasma insulin 
homeostasis model assessment HOMA-IR [Gluk0min (mmol/l) × Ins0min ( m U/ml):22.5]. 

 Plasma total cholesterol (TC) and triglycerides (TG) were determined enzymatically on a Hitachi 
912 analyzer (Roche Diagnostics). HDL cholesterol was measured using a homogenous method 
with polyethylene glycol-modi fi ed enzymes and alpha-cyclodextrin. LDL cholesterol was calculated 
by the Friedewald equation. C-reactive protein (CRP) was measured and the atherogenic indicators: 
TC/HDL, TG/HDL, non-HDL (TC minus HDL) were calculated. Adiponectin concentration were 
measured by RIA.  

    31.2.2   Genetic Tests 

 Genetic blood tests were performed in both groups of children. Genomic DNA was isolated using 
Genomic Midi AX isolation kit with ion-exchange membranes (A & A Biotechnology, Gdynia, 
Poland). Genotyping was done using polymerase chain reaction – restriction fragment length 
polymorphism analyses. Genomic DNA was ampli fi ed with speci fi c  fl anking primers for 276G > T. 
The primers used for the PCR were: forward 5 ¢ -GGCCTCTTTCATCACAGACC-3 ¢  and reverse 
5 ¢ -AGATGCAGCAAAGCCAAAGT-3 ¢ . The ampli fi ed PCR product was digested with the addition 
BsmI enzymes (BioLabs, New England). The digested samples were separated by electrophoresis on 
3% agarose gel and visualized. The identi fi ed genotypes were recognized according to the presence 
or absence of the enzyme restriction sites.  
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    31.2.3   Statistical Analysis 

 The results were presented as means ± SD, minimum and maximum. The normality of data distribution 
was assessed by the Shapiro-Wilk test. A  t -test for independent and non-independent samples was 
used to determine the intergroup differences. Pearson’s   c  2 test was used to examine differences in 
characteristic variables and the distribution of genetic polymorphism between the two groups. In 
obese children, the odds ratio (OR) and 95% con fi dence interval (95%CI) were calculated to estimate 
the associations between polymorphic homozygous T and alleles G carriers. The Hardy-Weinberg 
equilibrium test was applied to evaluate genotype frequencies (Hosking et al.  2004  ) . One-way analysis 
of variance ANOVA was used to investigate the relationship between the obesity measures, metabolic 
indices, IMT, adiponectin concentrations, and adiponectin gene polymorphisms. All analyses were 
performed using Statgraphics 9.0 plus and STATISTICA 9.0 software. Statistical signi fi cance was 
accepted at p < 0.05.   

    31.3   Results 

 Anthropometric and metabolic characteristics are presented in Table  31.1 . The obese children had 
higher values of atherogenic indicators (TC/HDL: 4.6; TG/HDL: 3.65; non-HDL: 135.1 mg/dl) 
than the non-obese ones (TC/HDL: 2.6; TG/HDL: 1.5; non-HDL: 88.7 mg/dl, respectively (p < 0.05)). 
These indicators positively correlated with CRP (p < 0.05) and lipids (TC, LDL, HDL, TG). IMT 
amounted to 0.57 ± 0.12 mm in the obese children. In these children signi fi cant relations of the 
non-HDL ratio (TC minus HDL) to TC, TG, LDL, and TC/HDL were observed (p < 0.05). There were 
no differences between plasma lipids, IMT, or adiponectin concentrations between the obese and 
non-obese children.  

 The distribution of G276T of adiponectin gene polymorphism in the obese and non-obese children 
is presented in Fig  31.1 . The frequency of alleles G and T in both groups was in HW equilibrium. 
The distribution of genotypes in the obese children was the following: GG (n = 45)–46.9%, GT 
(n = 34)–35.4%, TT (n = 17)–17.7%; and in the non-obese group: GG (n = 17)–47.2%, GT(n = 14)–
38.9%, TT(n = 5)–13.9%. Homozygous TT carriers were more frequent in the obese than non-obese 
group: OR = 1.13 (95% C.I = 0.5–5.5), although the difference was not statistically signi fi cant   c   2  = 0.32. 
The obese children were subdivided into two groups on the basis of the adiponectin genotypes (TT  vs.  
GT + GG). The mean adiponectin serum levels were signi fi cantly lower in TT homozygous than in G 
(GG + GT) allele carriers in the obese group (ANOVA; F 6.25, p < 0.01).  

 The anthropometric indices, fasting plasma glucose (FPG), HOMA-IR, plasma lipids, lipid 
markers, IMT, systolic and diastolic blood pressure did not differ between the obese and non-obese 
children with TT genotype and carriers of G allele, irrespective of gender. The children with GG 
genotype had a lower body weight than the heterozygous GT: 59.8 ± 17.9  vs.  75.6 ± 25.0, p = 0.02. 
There were no signi fi cant differences between other anthropometric and metabolic indices, IMT, CRP, 
or adiponectin concentration. On the other hand, the children with GG genotype had decreases in 
body weight (59.8 ± 17.9  vs.  73.5 ± 24.2, p = 0.01), TC (162.3 ± 23.4  vs.  188.4 ± 11.6 mg/dl, p = 0.008), 
and TG (118.7 ± 57.9  vs.  185.0 ± 68.5 mg/dl, p = 0.016) and increases in adiponectin concentration 
(5.2 ± 2.4  vs.  9.8 ± 4.7 ng/ml, p = 0.01) compared with T allele carriers. The other indices FPG, 
HOMA-IR, lipids, IMT, and systolic and diastolic blood pressure did not differ between the obese 
children with gene polymorphism TT and wild homozygous GG. 

 The children with BMI z-score >6.0 (n = 6), compared with <6.0, had higher values of most of 
the anthropometric indices, especially of WHtR a characteristic parameter of central obesity 
(0.64  vs.  0.58, respectively, p = 0.006), IMT (0.65 ± 0.08  vs.  0.56 ± 0.08 mm, p = 0.02), and CRP 
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   Table 31.1    Anthropometric and metabolic indices in obese and non-obese children   

 Anthropometric indices  Obese children (n = 125)  P<  Control group (n = 34) 

 Age (year)  11.8 ± 3.3  0.01  13.5 ± 2.5 
 Height (cm)  153.8 ± 17.2  0.05  161.8 ± 1.57 
 Body weight (kg)  71.7 ± 23.8  0.00001  49.9 ± 12.8 
 Body mass index (kg/m 2 )  29.4 ± 5.1  0.00001  18.7 ± 2.6 
 SDS Body mass index (z-score)  3.8 ± 1.6  0.00001  −0.3 ± 0.7 
 Waist circumference (cm)  90.2 ± 12.3  0.00001  66.2 ± 7.7 
 Hip circumference (cm)  101.4 ± 13.6  0.00001  84.8 ± 9.4 
 Waist-to-hip ratio (WHR)  0.9 ± 0.1  0.00001  0.8 ± 0.1 
 Waist-to-height ratio (WHtR)  0.6 ± 0.1  0.00001  0.4 ± 0.0 
 Sum of 3 skinfold thickness (mm)  69.3 ± 12.9  0.00001  29.1 ± 12.3 
 Sum of 10 skinfold thickness (mm)  173.5 ± 27.7  NS  148.5 ± 27.6 
 % of body fat -Slaughter equation  33.8 ± 4.9  0.00001  20.6 ± 6.5 
 Total cholesterol (mg/dl)  176.8 ± 29.2  0.00001  150.0 ± 22.9 
 HDL (mg/dl)  44.1 ± 12.2  0.00001  57.5 ± 9.9 
 LDL (mg/dl)  104.2 ± 28.6  0.00001  74.9 ± 23.1 
 Triglycerides (mg/dl)  136.5 ± 70.2  0.001  79.7 ± 32.9 
 Glucose 0 min OGTT (mg/dl)  84.5 ± 10.5  NS  86.7 ± 11.5 
 Glucose 120 min OGTT (mg/dl)  123.0 ± 27.3  NS  115.0 ± 12.1 
 Insulin 0 min OGTT ( m IU/ml)  16.0 ± 9.0  NS  11.2 ± 3.2 
 Insulin 120 min OGTT ( m IU/ml)  100.4 ± 88.3  NS  94.8 ± 5.0 
 Adiponectin (ng/ml)  13.7 ± 5.9  0.01  16.7 ± 5.4 
 HOMA-IR  3.4 ± 2.1  NS  2.6 ± 1.0 
 CRP (mg/l)  0.5 ± 0.3  NS  0.4 ± 0.2 
 Systolic blood pressure (mmHg)  115.5 ± 11.6  NS  113.3 ± 9.5 
 Diastolic blood pressure (mmHg)  72.2 ± 8.9  NS  72.1 ± 9.2 
 non-HDL  135.1 ± 33.4  0.00001  88.7 ± 27.7 
 TC/HDL  4.59 ± 3.2  0.03  2.6 ± 0.7 
 TG/HDL  3.66 ± 2.9  0.01  1.5 ± 0.8 
 IMT (mm)  0.6 ± 0.1 (n = 67)  NS  0..5 ± 0.1(n = 15) 

  Fig. 31.1     Distribution of 
adiponectin genotypes  in 
obese and non-obese children       

(0.6 ± 0.4  vs . 0.4 ± 0.2 mg/l, p = 0.036). These children also had higher insulin concentrations 
(28.1 ± 16.4  vs.  15.3 ± 7.3  m IU/ml, p = 0.0007), HOMA-IR (6.2 ± 3.5  vs.  3.3 ± 1.9, p = 0.001), and 
decreased adiponectin concentrations (8.3 ± 1.6  vs.  16.5 ± 5.0 ng/ml, p = 0.001). In the children with 
extreme obesity, polymorphic changes of adiponectin gene were more frequent than in the non-obese 
group (3 carriers of GT and 3 carriers of TT genotype). IMT was increased in the obese children.  
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    31.4   Discussion 

 In the present study we assessed whether adiponectin gene polymorphism at position +276 was 
associated with serum adiponectin concentration, insulin resistance or plasma lipids, the possible 
indices of subclinical atherosclerosis, in obese children. Several single-nucleotide polymorphisms 
(SNP) have been identi fi ed in adiponectin gene, including adipocyte, C1q, and collagen domain 
containing (ACDC). These genetic variations are associated with high risk of obesity, insulin resis-
tance, type 2 diabetes (T2D), and other metabolic disturbances (Heid et al.  2006 ; Humphries et al. 
 2007  ) . On the other hand, several other studies performed so far in the adult population show con fl icting 
results regarding the association between these polymorphisms in regard to complex traits and to 
allele involved (Vozarova de Courten et al.  2005  ) . The physiological mechanisms behind this genetic 
 fi nding could be related to the effect of the ACDC SNP on the adiponectin level. Our present results, 
and data from other studies (Qi et al.  2005 ;    Bouatia-Naji et al.  2005  )  are in favor of the association of 
obesity risk alleles 276GT with hipoadiponectinemia. Children with wild homozygous GG genotypes 
have a tendency toward higher values of adiponectin concentrations. In contrast, children with poly-
morphism TT have a tendency for hipoadiponectinemia. The limitations of our study include the 
possibility of false positive associations and a small sample size. Cieslak et al.  (  2011  )  in a group of 
243 Polish children and adolescents with simple obesity found no consistent evidence for the associa-
tion between obesity and the SNP in adiponectin gene. Those authors concluded that the SNPs tested 
(ADIPOQ: −11,377C > G, LEP: −2548C > T, 19A > G, RETN: −1300G > A, −1258C > T, and −420C > G) 
were not useful markers of childhood and adolescence obesity in the Polish population. 

 The relative contribution of genetic risk factors to the progression of subclinical atherosclerosis is 
poorly understood. It is likely that multiple variants are implicated in the development of atheroscle-
rosis, but subtle genotypic and phenotypic differences are beyond the reach of the conventional 
case-control designs and the statistical procedures used in most association studies. 

 Adiponectin seems protective against atherosclerosis and the determination of its plasma levels 
may help assess the risk of coronary artery disease. A vasoprotective effect of adiponectin is sup-
ported by  in vitro  studies showing that adiponectin decreases the expression of adhesion molecules on 
the endothelial cells, suppresses the foam cell formation by macrophages, and inhibits vascular smooth 
muscle migration (Ouchi et al.  1999,   2001  ) . However, the data concerning adiponectin plasma levels 
and increased IMT in obese adults as well as the association with mortality after cardiovascular events 
are contradictory (Jansson et al.  2003 ; Matsuda et al.  2004  ) . In particular, the role of adiponectin at 
very early stages of atherosclerosis remains unclear, especially in children. 

 In the present study we failed to  fi nd a relation between adiponectin gene polymorphism at 
position +276 and subclinical atherosclerosis determined by the IMT measurements, CRP, and lipid 
indices in obese children. We noted just a tendency for higher values of total cholesterol concentra-
tions and triglycerides in these children. 

 Monitoring the atherosclerotic changes in children has substantial limitations. Arnaiz et al.  (  2010  )  
in a cross-sectional study in a group of 103 children determined BMI, waist circumference, percent 
fat mass, systolic and diastolic blood pressures, fasting lipid pro fi le, glycemia and insulinemia, and 
CRP. These indices were compared to subclinical atherosclerosis determined by carotid intima media 
thickness and  fl ow-mediated dilation of the brachial artery (FMD). Adiponectin correlated signi fi cantly 
with age, BMI, z-score BMI, waist circumference, systolic and diastolic blood pressures, HDL, insu-
linemia, and the HOMA index. No signi fi cant association between adiponectin and CRP, FMD, or 
IMT was found. When adjusting for sex, pubertal status, and the degree of obesity, the adiponectin 
levels correlated signi fi cantly with HDL cholesterol and the HOMA index. Those authors concluded 
that the adiponectin level is inversely related to the anthropometric indices of obesity and insulin 
resistance but is directly related to HDL levels. In our study, no relationship between subclinical 
atherosclerosis and adiponectic level was demonstrated. In obese children, the process of atheroclerosis 
occurs early, but any relation between the surrogate markers of atherosclerosis and various metabolic 
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indices is not straightforward. Moreover, in coronary artery disease-related case-control studies, 
individual SNPs seem to have only a minor role in predicting carotid IMT or its progression, when 
compared with the conventional risk factors (Fan et al.  2009 ; Samani et al.  2008  ) . In fact, these variants 
are able to provide only a marginal and inconsistent improvement even in the discrimination of CHD 
cases or prediction of cardiovascular events (Cordell  2009 ; Arnaiz et al.  2010  ) . In the present study, 
obese children demonstrated higher values of most of the anthropometric indices, notably of WHtR – a 
characteristic marker of central obesity, and of IMT, CRP, and lipids – noninvasive markers for early 
atherosclerotic changes. In children with morbid obesity, the polymorphism of adiponectin gene was 
more frequently detected than in non-obese children. 

 In summary, we showed that adiponectin concentrations are decreased in obese children with 
polymorphism G276T in adiponectin gene, but we did not  fi nd any signi fi cant relation of adiponectin 
to carotid IMT, lipid indices, blood pressure, or HOMA-IR. We submit that vascular changes in 
morbid obesity may occur already in childhood and can be connected to the examined polymorphism 
in adiponectin gene.      

   Con fl icts of Interest    : The authors declare no con fl icts of interest in relation to this article.  

   References 

    Arnaiz, P., Acevedo, M., Barja, S., Aglony, M., Guzmán, B., Cassis, B., Carvajal, J., Moreno, M., Navarrete, C., & 
Berríos, X. (2010). Adiponectin levels, cardiometabolic risk factors and markers of subclinical atherosclerosis in 
children.  International Journal of Cardiology, 138 (2), 138–144.  

    Bouatia-Naji, N., Meyre, D., Lobbens, S., Séron, K., Fumeron, F., Balkau, B., Heude, B., Jouret, B., Scherer, P. E., Dina, 
C., Weill, J., & Froguel, P. (2005). ACDC/adiponectin polymorphisms are associated with severe childhood and 
adult obesity.  Diabetes, 55 (2), 545–550.  

    Cieslak, J., Skorczyk, A., Stachowiak, M., Szydłowski, M., Grzes, M., Paczynska, P., Skowronska, B., Majewska, K., 
Stankiewicz, W., Fichna, P., & Switoński, M. (2011). Polymorphisms in 5 ¢ - fl anking regions of genes encoding 
adiponectin, leptin, and resistin are not associated with obesity of polish children and adolescents.  Molecular 
Biology Reports, 38 (3), 1793–1798.  

    Cordell, H. J. (2009). Genome-wide association studies: Detecting gene-gene interactions that underlie human diseases. 
 Nature Reviews Genetics, 10 , 392–404.  

    Diez, J. J., & Iglesias, P. (2003). The role of the novel adipocyte-derived hormone adiponectin in human disease. 
 European Journal of Endocrinology, 148 , 293–300.  

    Fan, Y. M., Raitakari, O. T., Kähönen, M., Hutri-Kähönen, N., Juonala, M., Marniemi, J., Viikari, J., & Lehtimäki, T. (2009). 
Hepatic lipase promoter C-480T polymorphism is associated with serum lipids levels, but not subclinical atheroscle-
rosis: The Cardiovascular Risk in Young Finns Study.  Clinical Genetics, 76 , 46–53.  

    Gibson, F., & Froguel, P. (2004). Genetics of the APM1 locus and its contribution to type 2 diabetes susceptibility in 
French Caucasians.  Diabetes, 53 , 2977–2983.  

    Hara, K., Boutin, P., Mori, Y., Tobe, K., Dina, C., Yasuda, K., Yamauchi, T., Otabe, S., Okada, T., Eto, K., Kadowaki, 
H., Hagura, R., Akanuma, Y., Yazaki, Y., Nagai, R., Taniyama, M., Matsubara, K., Yoda, M., Nakano, Y., Tomita, 
M., Kimura, S., Ito, C., Froguel, P., & Kadowaki, T. (2002). Genetic variation in the gene encoding adiponectin is 
associated with an increased risk of type 2 diabetes in the Japanese population.  Diabetes, 51 (2), 536–540.  

    Heid, I. M., Wagner, S. A., Gohlke, H., Iglseder, B., Mueller, J. C., Cip, P., Ladurner, G., Reiter, R., Stadlmayr, A., 
Mackevics, V., Illig, T., Kronenberg, F., & Paulweber, B. (2006). Genetic architecture of the APM1 gene and its 
in fl uence on adiponectin plasma levels and parameters of the metabolic syndrome in 1,727 healthy Caucasians. 
 Diabetes, 55 , 375–384.  

    Hosking, L., Lumsden, S., Lewis, K., Yeo, A., McCarthy, L., Bansal, A., Riley, J., Purvis, I., & Xu, C. (2004). Detection 
of genotyping errors by Hardy-Weinberg equilibrium testing.  European Journal of Human Genetics, 12 , 395–399.  

    Humphries, S. E., Cooper, J. A., Talmud, P. J., & Miller, G. J. (2007). Candidate gene genotypes, along with conven-
tional risk factor assessment, improve estimation of coronary heart disease risk in healthy UK men.  Clinical 
Chemistry, 53 , 8–16.  

    Jansson, P. A., Pellme, F., Hammarstedt, A., Sandqvist, M., Brekke, H., Caidahl, K., Forsberg, M., Volkmann, R., 
Carvalho, E., Funahashi, T., Matsuzawa, Y., Wiklund, O., Yang, X., Taskinen, M. R., & Smith, U. (2003). A novel 
cellular marker of insulin resistance and early atherosclerosis in humans is related to impaired fat cell differentiation 
and low adiponectin.  The FASEB Journal, 17 , 1434–1440.  



254 B. Pyrzak et al.

    Kazumi, T., Kawaguchi, A., Sakai, K., Hirano, T., & Yoshino, G. (2002). Young men with high-normal blood pressure 
have lower serum adiponectin smaller LDL size, and higher elevated heart rate than that with optimal blood pres-
sure.  Diabetes Care, 25 , 971–976.  

    Kondo, H., Shimomura, I., Matsukawa, Y., Kumada, M., Takahashi, M., Matsuda, M., Ouchi, N., Kihara, S., Kawamoto, 
T., Sumitsuji, S., Funahashi, T., & Matsuzawa, Y. (2002). Association of adiponectin mutation with type 2 diabetes. 
A candidate gene for the insulin resistance syndrome.  Diabetes, 51 , 2325–2328.  

    Lorenz, M. W., Markus, H. S., Bots, M. L., Rosvall, M., & Sitzer, M. (2007). Prediction of clinical cardiovascular events 
with carotid intima-media thickness: A systematic review and meta-analysis.  Circulation, 115 , 459–467.  

    Matsuda, M., Kawasami, F., Hamada, K., Kanda, Y., Saito, M., Eto, M., Matsuki, M., & Kaku, K. (2004). Impact of 
adiposity and plasma adipocytokines on diabetic angiopathies in Japanese Type 2 diabetic subjects.  Diabetic 
Medicine, 21 , 881–888.  

    Mori, Y., Otabe, S., Dina, C., Yasuda, K., Populaire, C., Lecoeur, C., Vatin, V., Durand, E., Hara, K., Okada, T., Tobe, 
K., Boutin, P., Kadowaki, T., & Froguel, P. (2002). Genome-wide search for type 2 diabetes in Japanese affected 
sib-pairs con fi rms susceptibility genes on 3q, 15q, and 20q and identi fi es two new candidate Loci on 7p and 11p. 
 Diabetes, 51 (4), 1247–1255.  

    O’Leary, D. H., Polak, J. F., Kronmal, R. A., Magnolio, T. A., & Burke, G. L. (1999). Carotid-artery intima and media 
thickness as a risk factor for myocardial infarction and stroke in older adults. Cardiovascular Health Study 
Collaborative Research Group.  The New England Journal of Medicine, 340 , 14–22.  

    Ogawa, Y., Kikuchi, T., Nagasaki, K., Hiura, M., Tanaka, Y., & Uchiyama, M. (2005). Usefulness of serum adiponectin 
level as a diagnostic marker of metabolic syndrome in obese Japanese children.  Hypertension Research, 28 , 51–57.  

    Ouchi, N., Kihara, S., Arita, Y., Maeda, K., Kuriyama, H., Okamoto, Y., Hotta, K., Nishida, M., Takahashi, M., 
Nakamura, T., Yamashita, S., Funahashi, T., & Matsuzawa, Y. (1999). Novel modulator for endothelial adhesion 
molecules: Adipocyte-derived plasma protein adiponectin.  Circulation, 100 , 2473–2476.  

    Ouchi, N., Kihara, S., Arita, Y., Nishida, M., Matsuyama, A., Okamoto, Y., Ishigami, M., Kuriyama, H., Kishida, K., 
Nishizawa, H., Hotta, K., Muraguchi, M., Ohmoto, Y., Yamashita, S., Funahashi, T., & Matsuzawa, Y. (2001). 
Adipocyte-derived plasma protein, adiponectin suppresses lipid accumulation and class A scavenger receptor 
expression in human monocyte-derived macrophages.  Circulation, 103 , 1057–1063.  

    Panagopoulou, P., Galli-Tsinopoulou, A., Fleva, A., Pavlitou-Tsiontsi, E., Vavatsi-Christaki, N., & Nousia-Arvanitakis, 
S. (2008). Adiponectin and insulin resistance in childhood obesity.  Journal of Pediatric Gastroenterology and 
Nutrition, 47 , 356–362.  

    Pollin, T. I., Tanner, K., O’connell, J. R., Ott, S. H., Damcott, C. M., Shuldiner, A. R., McLenithan, J. C., & Mitchell, 
B. D. (2005). Linkage of plasma adiponectin levels to 3q27 explained by association with variation in the APM1 
gene.  Diabetes, 54 , 268–274.  

    Qi, L., Li, T., Rimm, E., Zhang, C., Rifai, N., Hunter, D., Doria, A., & Hu, F. B. (2005). The 276 polymorphism of the 
APM1 gene, plasma adiponectin concentration, a cardiovascular risk in diabetic men.  Diabetes, 54 , 1607–1610.  

    Samani, N. J., Raitakari, O. T., Sipila, K., Tobin, M. D., Schunkert, H., Juonala, M., Braund, P. S., Erdmann, J., Viikari, 
J., Moilanen, L., Taittonen, L., Jula, A., Jokinen, E., Laitinen, T., Hutri-Kähönen, N., Nieminen, M. S., Kesäniemi, 
Y. A., Hall, A. S., Hulkkonen, J., Kähönen, M., & Lehtimäki, T. (2008). Coronary artery disease-associated locus on 
chromosome 9p21 and early markers of atherosclerosis.  Arteriosclerosis, Thrombosis, and Vascular Biology, 28 , 
1679–1683.  

    Slaughter, M. H., Lohman, T. G., Boileau, R. A., Horswill, C. A., Stillman, R. J., Van Loan, M. D., & Bemben, D. A. 
(1988). Skinfold equations for estimation of body fatness in children and youth.  Human Biology, 60 , 709–723.  

    Trujilio, M. E., & Scerer, P. E. (2005). Adiponectin-journey from an adipocyte secretory protein to biomarker of the 
metabolic syndrome.  Journal of Internal Medicine, 257 , 167–175.  

    Vozarova de Courten, B., Hanson, R. L., Funahashi, T., Lindsay, R. S., Matsuzawa, Y., Tanaka, S., Thameem, F., Gruber, 
J. D., Froguel, P., & Wolford, J. K. (2005). Common polymorphisms in the adiponectin gene ACDC are not 
associated with diabetes in Pima Indians.  Diabetes, 54 , 284–289.    



255M. Pokorski (ed.), Respiratory Regulation - The Molecular Approach, 
Advances in Experimental Medicine and Biology 756, DOI 10.1007/978-94-007-4549-0_32, 
© Springer Science+Business Media Dordrecht 2013

  Abstract   Fat mass content, fat distribution, and fat-mass and obesity associated (FTO) gene have been 
reported among a broad spectrum of genetic variation connected with body weight. The aim of our 
study was to investigate whether the T/A rs9939609 polymorphism of the FTO gene may in fl uence 
obesity and metabolic indices in children. A 160 children were examined (136 obese and 24 non-obese). 
The anthropometric measurements and calculations included: height, weight, waist and hip circumference, 
sum of the thickness of 3 and 10 skin folds, % of fat content, % FAT- BIA , % LBM-BIA. BMI, SDS 
of BMI, WHR, and WHtR. Fasting plasma total cholesterol (TC), HDL and LDL-cholesterol, triglycerides 
(TG), oral glucose tolerance test (OGTT), and HOMA-IR were analyzed and the blood pressure were 
measured. The rs9939609 polymorphism of FTO gene was genotyped by allele-speci fi c real-time 
polymerase chain- reaction (RT-PCR). We found that the mean concentrations of TC, TG, LDLC, and 
HOMA-IR were signi fi cantly higher, and HDL was lower in the obese than in non-obese children. 
The presence of TT, but not AA alleles, related to the percentage of fat content, BMI, and z-score of BMI. 
None of the other anthropometric indices did differ between the children with gene polymorphism and 
wild homozygous. In conclusion, rs9939609 polymorphism in the fat-mass and obesity-associated 
gene is associated with BMI and the percent of fat content in children.  

  Keywords   Obesity associated gene  •  Polymorphism  •  Children  •  Oral glucose tolerance  •  Fat content    

    32.1   Introduction 

 Childhood obesity is increasing worldwide and is a risk factor for various disorders including type 2 
diabetes, hypertension, cardiovascular disease, stroke, and cancer. Obesity is a major international 
public health and economic concern and has to do with environmental factors, such as low physical 
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activity and overeating. However, genome-wide linkage and candidate gene association studies 
showed a relation of body mass index (BMI) and adiposity to variations in the fat-mass and obesity 
related locus FTO in adults and children (Karasawa et al.  2010 ; Sovio et al.  2011 ; Xi et al.  2010 ; 
Zimmermann et al.  2011  ) . FTO is widely expressed in almost all tissues, but its exact role is unknown. 
FTO was  fi rst identi fi ed in the mouse by positional cloning (Peters  1999  )  as one of the genes within a 
1.6 megabase deletion on chromosome 8 responsible for the Fused toes (Ft) phenotype (van der 
Hoeven  1994  ) . 

 Mice homozygous for the deletion die mid-gestation and exhibit severe malformations of the 
head and face, central nervous system (CNS) developmental defects, randomized left-right asym-
metry, polydactyly and growth retardation (van der Hoeven  1994 ; Gotz  2005 ; Anselme  2007  ) . 
Heterozygotes display fused toes and enlargement of the thymus. However, no obesity or slimness 
was reported in these mice. Similar phenotype to that of Ft mice was seen in a human patient car-
rying a small chromosomal duplication on 16q12.2, a region that includes the FTO gene (Stratakis 
 2000  ) . The discovery that this gene was associated with human obesity inspired further research 
aimed at elucidating its functional properties. Sequence analysis showed that FTO shares features 
with Fe(II) and 2-oxoglutarate (2OG) oxygenase. These enzymes catalyze oxidative reactions on 
multiple substrates using non-heme iron as a cofactor and 2OG as a co-substrate. Within this super-
family, FTO is most similar to the  Escherichia coli  enzyme AlkB and its eukaryotic homologs, 
which can repair DNA methylation damage by hydroxylation of methyl groups on the DNA leading 
to their removal. These data suggest that FTO might act as a demethylase (Gerken  2007 ; Sanchez-
Pulido and Andrade-Navarro  2007 ; Fawcett and Barroso  2010  ) . Human FTO and its vertebrate 
homologs are globular proteins that carry a nuclear localization signal and are unlikely to be targeted 
to membranes or organelles. That suggests that the nucleic acid demethylation activity of FTO 
might regulate the expression of genes involved in metabolism and that deregulation of this process 
might lead to obesity. Studies of mouse Fto and human FTO mRNA showed high levels of expression 
in the hypothalamic regions known to play important roles in the regulation of energy intake and 
expenditure, and suggest that the expression of FTO might be regulated by nutritional status 
(Fredriksson  2008 ; Gerken  2007  ) . In the fasted state, mice exhibit a signi fi cant reduction in hypo-
thalamic FTO mRNA expression compared with well-fed controls. This effect is not reversed by 
supplementation of the anti-starvation hormone leptin, which suggests that reduced hypothalamic 
FTO expression observed during fasting is independent of leptin level (Gerken  2007 ; Stratigopoulos 
 2008  ) . Studies in mice suggest that FTO is down-regulated during fasting and up-regulated during 
feeding and these variations in FTO, resulting in decreased expression or activity, might provide a 
signal that promotes feeding and obesity. In contrast to the mouse data, FTO expression increases 
signi fi cantly in the hypothalamus of food-deprived and food-restricted rats (Fredriksson  2008  ) ; 
being likely strongly connected with circadian rhythmicity. 

 Further studies in FTO mouse models have shown that FTO knock-out mice develop postnatal 
growth retardation with a signi fi cant reduction of adipose tissue. The extreme leanness of FTO knock-
out mice is a consequence of increased energy expenditure, despite decreased activity of animals and 
increased energy intake (Fischer et al.  2009  ) . In humans, reports on the potential impact of FTO 
variants on dietary intake and energy expenditure have been inconsistent (Cecil et al.  2008 ; Hasselbalch 
et al.  2010 ; Haupt et al.  2009 ; Speakman et al.  2008  ) . 

 Recently, the fat-mass and obesity-associated FTO gene was identi fi ed to be associated with obesity 
by several genome-wide association studies (Meyre et al.  2009  ) . Because the FTO gene is highly 
polymorphic, several polymorphisms of the gene have been found to be associated with obesity or 
obesity phenotypes (Hotta et al.  2008 ; Rong et al.  2009  ) . The rs9939609 FTO gene polymorphism has 
been most extensively studied and allele A was frequently associated with the obesity phenotype 
(Hotta et al.  2008 ; Rong et al.  2009  ) . In the present study we examined the relation of FTO gene poly-
morphism rs9939609 to anthropometric indices in children.  
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    32.2   Methods 

 The study protocol was approved by the Research and Ethics Committee of Warsaw Medical University 
in Warsaw, Poland. The examined group consisted of 136 obese children and adolescents with simple 
obesity (73 girls and 63 boys) aged 12–18 (mean age 12.5) years old sequentially recruited from out-
patient of Endocrinology Clinic at Medical University of Warsaw’s Children Hospital. There were no 
signi fi cant differences in age and sex among obese and non-obese children. A complete history was 
obtained and physical examination was carried out on all the participants. 

 The BMI (weight/height 2 ) of all obese subjects was >95th percentile for age and sex reference 
values. The control group consisted of 24 healthy children (11 girls and 13 boys) with normal body 
weight (BMI <85th percentile for age and sex reference values) aged 11–18 (mean age 13.8 years). 
All included children were free from any allergic disease, immune and hematological disorders. Height 
(cm), weight (kg) and systolic (SBP) and diastolic (DBP) blood pressure were measured using stan-
dardized equipment. The BMI was calculated as weight/height 2  (kg/m 2 ), BMI z-score adjusted for age 
and sex was calculated using normative data. Obesity was de fi ned as a BMI z-score of more than +2. 
Waist circumference (cm) was measured and referred to the percentile charts. Hip circumference (cm), 
WHR (waist-to-hip ratio), waist-to-height ratio (WHtR), and the sum of the thickness of 3 and 10 skin 
and fat folds (mm) were measured. The percentage of fat tissue content measured in the skin and fat 
folds on the arm and below the shoulder blade was calculated using Slaughter’s equation (Slaughter 
et al.  1988  ) . Bioelectrical impedance analysis - BIA (% of fat FAT-BIA and % of lean LBM-BIA) on 
hand-to-leg in horizontal position was undertaken with a Maltron Body Fat-905. All children in the 
control group were at the 25th percentile or less of the obesity measures. Hypertension was de fi ned as 
a value of systolic and/or diastolic blood pressure  ³ 95th percentile for sex and age. Prehypertension 
was de fi ned as a value of systolic and/or diastolic blood pressure between the 90–95th percentile. 

    32.2.1   Biochemical Tests 

 Oral glucose tolerance test (OGTT) based on the measurements of glucose and insulin levels at 0, 30, 
60, 90, 120 min after 10–12 h fast was performed with the use of a standard load of glucose 
(1.75 g/kg, max 75 g) in the group of obese children. The insulin concentration was measured by RIA 
(Radio-Immuno-Assay) and fasting plasma glucose (FPG) by a dry-chemistry method. Insulin resis-
tance was estimated using the fasting plasma insulin homeostasis model HOMA-IR [Gluk0min 
(mmol/l) × Ins0min ( m U/ml):22.5]. Plasma total cholesterol (TC) and triglycerides (TG) were deter-
mined enzymatically on a Hitachi 912 analyzer (Roche Diagnostics). HDL was measured using a 
homogenous method with polyethylene glycol-modi fi ed enzymes and alpha-cyclodextrin. LDL was 
calculated by the Friedewald equation.  

    32.2.2   Genetic Tests 

 The rs9939609 polymorphism of the FTO gene was genotyped by allele-speci fi c real-time polymerase 
chain- reaction (RT-PCR). Genomic DNA was isolated using Genomic Midi AX isolation kit with 
ion-exchange membranes (A & A Biotechnology, Gdynia, Poland). 

 The primers and probes were part of the TaqMan MGB kit delivered by Applied Biosystems 
(Nr. 4351379 and C-30090620-10). The reaction was performed in the 7,500 Fast Real-Time PCR System 
(Applied Biosystems, Foster City, CA, USA) and  fl uorescence data were analyzed in genotyping 
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mode by the instrument’s software v. 2.0.5. The  fi nal volume of the reaction mix was 20  m l with 
~50 ng of DNA, 10  m l of 2 × TaqMan Universal PCR Master Mix (Applied Biosystems), 1  m l of 
TaqMan assay and  fi lled with water to  fi nal volume. PCR condition: 10 min at 95°C for initial dena-
turation followed by 40 cycles of the following steps: 95°C for 15 s and 60°C for 1 min. PCR reaction 
was performed in MicroAmp Fast 96-Well Reaction Plate (0.1 ml) with MicroAmp® Optical Adhesive 
Film (Applied Biosystems).  

    32.2.3   Statistical Analysis 

 The results were presented as means ± SD, minimum and maximum. The normality of data distribution 
was assessed by the Shapiro-Wilk test. A  t -test for independent and non-independent samples was used 
to determine intergroup differences. Logistic regression was used to investigate the relationship between 
the obesity measures, metabolic features and the examined polymorphisms. The proportional odds 
model was also used to obtain odds ratios for the association of each obesity measure with a given 
genotype.   c  2 test was used to investigate the distribution of genetic polymorphism between the two 
groups and to determine relations between categorical variables. Statistical signi fi cance was accepted 
at p < 0.05. The Hardy-Weinberg equilibrium test was applied to evaluate genotype frequencies. 
The results were processed statistically using Statgraphics 9.0 plus and STATISTICA 9.0 software.   

    32.3   Results 

 The frequency of alleles A and T in both case and control groups were in HW (Hardy-Weinberg) 
equilibrium and were following: in the obese children TT-26%, AA-25%, and AT-49%; in control 
group TT-21%, AA-25%, and AT-54%. In the obese group, all auxological parameters assessing the 
extent of obesity were signi fi cantly elevated (Fig.  32.1 ).  

 In the obese children, analysis was carried out to test the association of FTO rs9939609 and 
obesity-related measures. The carriers of AA/AT had higher values of the weight, height, BMI, SDS 
BMI, waist and hip circumference, WHR, and percent of fat content compared with the TT homozy-
gous, but the differences did not reach statistical signi fi cance. There was a tendency for a relation of 
single nucleotide polymorphisms (SNP) to BMI and to SDS BMI (p = 0.07 & p = 0.06) 

 We did not observe signi fi cant associations of TT or AA/AT with WHtR, % FAT-BIA, LBM-BIA, 
TC, HDL, LDL, TG, FPG, HOMA-IR, SBP, DBP (Table  32.1 ). We also tested the association of 
rs9939609 with anthropometric and metabolic indices between boys and girls and could not substanti-
ate any differences.  

  Fig. 32.1     Distribution of 
FTO genotypes  in the obese 
and control groups       
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 Analyzing the association between wild homozygous and AA genotypes we found that BMI, SDS 
BMI, and the percentage of fat content of AA genotype carriers were signi fi cantly higher compared 
with those in the TT genotype (BMI 28.1 ± 3.9  vs.  30.4 ± 5.5, p < 0.05; SDS BMI 3.3 ± 1.3  vs.  4.1 ± 1.8, 
p < 0.05; % of fat content 32.9 ± 4.8  vs.  39.0 ± 4.8, p < 0.05) (Table  32.1 ). A tendency for a lower value 
of HDL and elevated levels of HOMA-IR in AA homozygous compared with TT homozygous was 
noted. After adjustment for gender, MANOVA analysis did not show any differences between poly-
morphism of rs9939609 in the FTO gene and BMI, SDS BMI, and the percentage of fat content. 
In the control group, the patients subdivided into those with and without polymorphism did not show 
any differences in the anthropometric and metabolic indices.  

    32.4   Discussion 

 Previous studies of the FTO gene have found a highly signi fi cant association of the common SNP 
rs9939609 with BMI in several European populations and in children and adolescents in Asia (Xi et al. 
 2010  ) . BMI is a convenient surrogate measure for obesity but it may be in fl uenced by changes in 
height, bone mass, lean mass, and adiposity. In our study, we con fi rmed that the children carrying risk 
allele have a higher BMI and more adiposity than children with no A alleles. We did not investigate 
energy expenditure or energy intake, but several studies in children try to explain the role of this poly-
morphism in energy balance. The biological mechanisms behind this association are not yet fully 
understood. Functional investigations have suggested that this locus is likely involved in the hypotha-
lamic regulation of appetite or energy expenditure and metabolic rate (Cecil et al.  2008 ; Speakman 
et al.  2008  ) . Wardle et al.  (  2009  )  in a group of 131 children aged 4–5 tested the hypothesis that food 
intake would be associated with the FTO genotype status. The authors showed that children with two 
copies of the lower-risk FTO alleles have a lower BMI than those with one or two higher-risk alleles. 
They conclude that the T allele is protective against overeating by promoting responsiveness to internal 
signals of satiety. Sovio et al.  (  2011  )  in meta-analyzed associations between the FTO locus (rs9939609) 
and BMI in samples taken from children, aged from early infancy to 13 years of age, from eight 

   Table 32.1    Comparisons between TT  vs.  AA carriers and TT  vs.  AA/AT carriers   

 TT (n = 36)  AA (n = 34)  p  AA/AT (n = 100)  p 

 Weight (kg)  71.0 ± 23.2  73.2 ± 28.9  NS  75.6 ± 23.0  NS 
 Height (cm)  156.6 ± 17.2  157.1 ± 15.7  NS  157.4 ± 15.9  NS 
 BMI  28.0 ± 3.9  30.4 ± 5.5  <0.05  29.7 ± 4.9  NS (0.07) 
 SDS BMI  3.3 ± 1.3  4.1 ± 1.8  <0.05  3.8 ± 1.5  NS (0.06) 
 Waist circum. (cm)  89.9 ± 13.7  92.2 ± 14.4  NS  91.3 ± 12.5  NS 
 Hip circum. (cm)  100.6 ± 12.2  104.8 ± 18.2  NS  104.3 ± 13.6  NS 
 WHR  0.9 ± 0.1  0.9 ± 0.1  NS  0.9 ± 0.1  NS 
 % fat content  32.9 ± 4.8  39.0 ± 4.8  p < 0.05  33.6 ± 5.0  NS 
 TC (mg/dl)  176.3 ± 32.12  184.1 ± 40.3  NS  182.7 ± 34.1  NS 
 HDL (mg/dl)  44.4 ± 8.8  41.2 ± 7.1  NS (0.07)  42.1 ± 8.3  NS 
 LDL (mg/dl)  117.6 ± 20.6  120.6 ± 24.6  NS  118.2 ± 28.2  NS 
 TG (mg/dl)  125.2 ± 25.1  134.2 ± 34.8  NS  136.4 ± 30.2  NS 
 FPG (mg/dl)  74.3 ± 11.2  75.4 ± 12.1  NS  76.0 ± 10.8  NS 
 HOMA-IR  3.4 ± 1.2  3.7 ± 1.1  NS (0.08)  3.5 ± 1.8  NS 
 SBP (mmHg)  105.6 ± 12.4  110.2 ± 24.6  NS  110.8 ± 20.2  NS 
 DBP (mmHg)  65.8 ± 8.8  66.2 ± 8.8  NS  66.2 ± 10.2  NS 

  Data are means ± SD. AA and AA/AT carriers were each compared with TT carriers. See Sect.  32.2  for acronyms  
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cohorts of European ancestry, found a positive association between additional minor (A) alleles and 
BMI from the 5.5 years olds onward, but an inverse association below the age of 2.5 years. They also 
found that carriers of minor alleles showed a lower BMI in infancy, earlier adiposity rebound (AR), 
and a higher BMI later in childhood. They con fi rmed the expected association between variations in 
rs9939609 and BMI in childhood, but only in the presence of an inverse association between the same 
variant and BMI in infancy. These results provide important information about the longitudinal gene 
effects and about the role of FTO in adiposity. 

 The in fl uence of SNP of the FTO gene has also been shown to change over time. Probably it is 
connected with the timing of puberty. Rutters et al.  (  2011  )  investigated the relationship between SNP 
of the FTO gene (rs9939609) and obesity-related characteristics longitudinally during childhood and 
puberty in 101 children (58 boys and 43 girls). They concluded that the FTO A allele (rs9939609) is 
associated with the higher BMI, fat mass index, and leptin concentrations from the age of 12 years, 
whereas the associations show a dip at the age of 13–14 years and become stronger at the age of 
17 years. The dip is presumably caused by the dominating endocrinological changes at mid-puberty. 
In the present study we found a relationship between gene polymorphism and the percentage of fat 
content, as assessed from the measurements of skin and fat folds on the arm and below the shoulder 
blade calculated using Slaughter’s equation, which is dependent on the phase of puberty. We did not 
 fi nd any relationships between gene polymorphism and the waist or hip circumference; the measure-
ments related to the trunk obesity. Juvenile obesity usually leads to obesity in adulthood which causes 
life threatening sequels such as diabetes, cardiovascular disease, hypertension, stroke, and cancer. 
Other authors have found such relationships as well. Mangge et al.  (  2011  )  have analyzed the single 
nucleotide polymorphism rs9939609 of FTO in 371 Styrian adolescents in relation to the degree of 
obesity, subcutaneous adipose tissue (SAT)-distribution determined by lipometry, and early metabolic 
and preatherosclerotic symptoms. The percentage of AA homozygotes for the rs9939609 SNP of FTO 
was signi fi cantly increased in obese adolescents. In that study, compared with the TT wild type, AA 
homozygotes showed signi fi cantly elevated values of SAT thickness at the trunk-located lipometer 
measurement points of the neck and frontal chest, of body weight, body mass index, waist, and hip 
circumference. No associations were found with carotis communis intima media thickness, systolic 
and diastolic blood pressure, ultrasensitive C-reactive protein (US-CRP), homocystein, total cholesterol, 
triglycerides, HDL cholesterol, oxidized LDL, fasted glucose, insulin, HOMA-index, liver transami-
nases, uric acid, adipokine-like resistin, leptin, and adiponectin. 

 In the present study we found a weak association between the examined polymorphism and HDL 
or HOMA–IR. We plan to screen these groups for the presence of overt metabolic and atherosclerotic 
disease symptoms later in life, and especially to study the clinical end points in the group of homozy-
gotic rs9939609 carriers. The risk groups also will be a target for counseling concerning their future 
lifestyle. On the other hand, a study of Mook-Kanamori et al.  (  2011  )  has examined the effect of FTO 
genotype on body composition at the age of 6 months using skinfold thickness measurements and 
dual energy X-ray absorptiometry (DXA). That study was embedded in a population-based prospective 
cohort study from early fetal life onward. The FTO genotype was related to anthropometric measurements 
(weight and height), subcutaneous fat mass measured by skinfold thickness, and total, truncal, and 
peripheral fat mass and lean mass measured by DXA. Analyses for skinfold thickness and DXA were 
performed in 695 and 216 children, respectively. The authors found no signi fi cant differences between 
FTO genotypes in weight, height or BMI. Furthermore, the FTO genotype was not associated with 
skinfold thickness. Finally, they did not  fi nd any associations between the FTO genotype and body 
composition measures (fat and lean mass) assessed by DXA The authors concluded that longer follow-
up studies are necessary to examine at what age and by which mechanisms the FTO genotype starts 
to in fl uence fat mass and body composition. 

 Physical activity can be an important factor modifying the effect of FTO genotype. Scott et al. 
 (  2010  )  examined 1–5 years old children in the Growth, Exercise and Nutrition Epidemiological Study 
in preschoolers (GENESIS) (n = 1,980) and 11–18 years old Greek adolescents (n = 949). The authors 
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concluded that the FTO genotype effect was more pronounced in inactive than active males. Inactive 
males homozygous for the A allele had a higher mean BMI 3 kg/m 2  than T carriers. In this study, no 
signi fi cant association between the FTO genotype and adiposity was found. However, in a relatively 
large study of Jonsson et al.  (  2010  ) , no evidence for the interaction between FTO and physical activity 
has been found. 

 In conclusion, in our study the FTO gene polymorphism rs9939609 was found to be associated 
with obesity. The limitations of this study include a small sample size and a limited statistical power. 
Although the analysis of the study seems suf fi cient to detect a relationship between FTO and obesity, 
it could not con fi rm the presence of relations between FTO and some metabolic parameters. These aspects 
require further research.      

   Con fl icts of interest     :   The authors declare no con fl icts of interest in relation to this article.  
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  Abstract   In Poland no vaccines against in fl uenza type A/H1N1 were available in the epidemic season 
2009/2010. In our Department within 45 days (November-December 2009) 17 in fl uenza suspected 
children (24%) were positive for in fl uenza type A (QiuckVue In fl uenza A + B rapid tests). Of these 17 
children, seven were hospitalized at the pediatric department. In six of them the presence of the A/
H1N1v virus RNA was con fi rmed with real-time reverse transcription polymerase chain reaction 
(RT-PCR, Polymerase Chain Reaction). The initial presentation of in fl uenza was unspeci fi c. The 
possibility of performing the rapid test for in fl uenza in the epidemic season proved to be very useful 
in the clinical diagnostics and management.  

  Keywords   In fl uenza  •  A/H1N1v  •  Rapid test  •  Children  •  Vaccination    

    33.1   Introduction 

 The A/H1N1v pandemic in fl uenza virus is a variant of the human A/H1N1 seasonal in fl uenza virus 
circulating in the population since 1977 (World Health Organization  2009  ) . It differs from the 
seasonal in fl uenza virus in the content of a mixture of avian, swine and human viral in fl uenza genetic 
material in the combination hitherto unprecedented in the world (World Health Organization  2009  ) . 
The variant of the A/H1N1 virus was  fi rst identi fi ed in Mexico in April 2009 and since then has 
rapidly started to spread around the world. 

 A report of WHO of 30/04/2010 revealed about 17,919 deaths worldwide due to in fl uenza caused 
by the A/H1N1v virus  (  World Health Organization 2010  ) . Hence, WHO announced the pandemic of 
in fl uenza on 11.06.2009 (World Health Organization  2009  ) . In Poland, since the  fi rst A/H1N1v 
in fl uenza case detection (06/05/2009) by the end of the reporting period (22.04.2010), within less than 
a year 2,535 A/H1N1v in fl uenza cases were noted, including 181 deaths  (  Statement of the Chief 
Sanitary Inspector  ) . The largest number of cases were registered in November and December 2009 
 (  National Institute of Public Health 2010  ) . The course of most cases was mild or moderate-severe. 

    Chapter 33   
 Rapid Test for In fl uenza in Diagnostics       

     Teresa   Jackowska      ,    Monika   Grzelczyk-Wielgorska   , and    Katarzyna   Pawlik      

    T.   Jackowska   (*) •     M.   Grzelczyk-Wielgorska   •     K.   Pawlik  
     Department of Pediatrics ,  Medical Center of Postgraduate Education ,
  Marymoncka 99/103 St ,  Warsaw   01-813 ,  Poland   
  e-mail: tjackowska@cmkp.edu.pl   



264 T. Jackowska et al.

The disease resolved spontaneously after 5–7 days. Most cases occurred in children and adolescents 
(80% did not exceed 30 years of age). 

 The most frequently described in fl uenza complication is pneumonia, usually of mixed bacterial-viral 
etiology, which can lead to acute respiratory distress syndrome (Lee et al.  2009 ; Kumar et al.  2010  ) . 
In children, neurological complications such as seizures (Centers of Disease Control and Prevention 
 2009  ) , Rey’s syndrome (Centers of Disease Control and Prevention  2009  ) , acute encephalopathy 
(Centers of Disease Control and Prevention  2009 ; Gonzalez and Brust  2009 ; Fluss et al.  2010  ) , and 
acute necrotizing encephalitis (Lyon et al.  2010  )  were reported.  

    33.2   Methods and results 

    33.2.1   Patients 

 This report describes data collected in accordance with the Declaration of Helsinki for human experi-
mentation and it was approved by a local Ethics Committee. 

 In 2009/2010, in the Department of Pediatrics of the Medical Center of Postgraduate Education, 
in Warsaw, Poland, 102 QuickVue rapid diagnostic tests for in fl uenza A and B were performed in children 
reporting to the Emergency Room with symptoms of ‘in fl uenza-like’ respiratory tract infection (fever, 
rhinorrhea, cough, weakness, apathy). In 74 children, this test was performed within 45 days (from 4th 
November to 19th December 2009) and in 17 of them (24%) it was positive for in fl uenza A. 

 Positive tests were noted in 6 boys and 11 girls aged two months to 17 years (median 7 years and 
6 months). Five (30%) children did not require hospitalization and 12 (70%), due to severe course or 
belonging to a high risk group, required hospital treatment. Another  fi ve children, due to overcrowd-
ing, were sent to a hospital for infectious diseases. 

 Seven children were hospitalized in the pediatric department and in six of them the presence of 
viral A/H1N1v RNA was con fi rmed by polymerase chain reaction (RT-PCR). In one, a RT-PCR test 
was negative and the QuickVue rapid diagnostic test for in fl uenza type A was positive. 

 At the ER all the in fl uenza suspected children were tested with a QuickVue In fl uenza A + B rapid 
diagnostic test by BioMerieux, Poland. Nasopharyngeal swabs were taken. The cost of one test was 
approx. 13 Euro. All patients with a positive diagnostic test were taken swabs from both nasal 
passages and throat to detect the H1N1 virus RNA. The cost of the latter test was approx. 60 Euro. 

    33.2.1.1   Case 1 

 A 14-year-old girl (P.S.) was brought to the hospital following a triple loss of consciousness, which 
took place within 90 min. At the  fi rst fainting episode, just after waking up from a night sleep and 
standing upright, she sustained a head and face injury, knocking out two upper incisors. In anamnesis 
there was a history 2-day weakness, loss of appetite, and fever up to 39°C. On admission, she 
presented moderate-severe condition, poorly maintaining logic verbal contact, barely remained on her 
feet. Her physical examination revealed broken upper incisors, drying mucosa of the mouth, a white 
coating on the tongue, and a reddened softened throat. Heart rate was accelerated to 100 bpm and 
blood pressure was 100/60 mmHg. Meningeal symptoms were negative. 

 A differential white blood count revealed increased segmented neutrophils (5.2 × 10 3 / m l; 86%), a 
slightly elevated value of C-reactive protein (CRP) to 17.4 mg/l and erythrocyte sedimentation rate 
(ESR) −50 mm after 1 h. A rapid diagnostic test for in fl uenza type A was positive, and RT-PCR testing 
con fi rmed the presence of viral A/H1N1v RNA. Other tests were normal. 

 Oseltamivir was administered in a therapeutic dose (2 × 75 mg). On hospital Day 3, the girl stopped 
being febrile, her general condition improved. In her  fi nal laboratory  fi ndings, we observed the 
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normalization of CRP and ESR. However, she was leukopenic (2.8 × 10 3 / m l), with the predominance 
of lymphocytes (1.7 × 10 3 / m l, 58.6%). Following 5-day therapy with oseltamivir she was discharged 
home in very good condition.  

    33.2.1.2   Case 2 

 A 3.5-year-old girl (A.B.) was admitted to the hospital in moderate condition, with signi fi cant fatigue, 
lethargic, fever of 40°C, and wet cough for 5 days. On physical examination, abnormalities included 
macular rash on the skin of the lower limbs and trunk, excessive body temperature and a slight swelling 
of hand and wrist joints, and swollen eyelids. In addition, the symptoms of upper respiratory infection 
with vesicular murmur exacerbation and single rales at the base of both lungs were present. Prior to 
the admission, the girl received two doses of oral cefuroxime axetil. A month before she ran a course 
of chickenpox. 

 The white blood cell count was normal (8.4 × 10 3 / m l), with a slight predominance of lymphocytes 
(5.4 × 10 3 / m l, 60%). There were elevated levels of CRP – 62.8 mg/l and accelerated ESR – 90 mm after 
1 h. Chest X-ray revealed bilateral bronchogenic parenchymal consolidation. A rapid test for in fl uenza 
A was positive; RT-PCR con fi rmed the presence of viral A/H1N1v RNA. 

 Oseltamivir was administered in a therapeutic dose (2 × 45 mg) for 5 days. Given the high concentra-
tions of in fl ammation markers, suspecting mixed viral-bacterial infection, intravenous amoxicillin with 
clavulanic acid was administered. From the 4th day of therapy, clinical improvement, fever, hand wrist 
and eyelid edema, and the auscultatory changes over the lung  fi elds resolved. The patient’s  fi nal peripheral 
blood smear was normal, CRP levels decreased (7.8 mg/l); however accelerated ESR (75 mm after 1 h) 
still persisted. After 7 days of therapy, the girl was discharged home in good condition.  

    33.2.1.3   Case 3 

 A 1.5-year-old boy (K.G.) was admitted to hospital due to 2-day-fever up to 40°C and a single 
syncope, with a loss of contact for about 3–5 s, followed by upper and lower limb tremors, and lip 
and hand cyanosis. A boy presented 3-day coryza and cough. His attending physician diagnosed 
pharyngitis and prescribed oral amoxicillin with clavulanic acid, which induced allergic symptoms 
(intense erythema on the cheeks and itchy skin). On admission, symptoms of respiratory tract 
infection (intensively reddened palatopharyngeal arches, profuse mucous secretions in the nasal 
passages) and atopic dermatitis were noted. Meningeal symptoms were negative and other organs 
were without any abnormalities. 

 In the full blood count, leucopenia (3.5 × 10 3 / m l) was found with granulocytopenia (0.6 × 10 3 / m l, 
18.5%), slightly decreased platelet count (124 × 10 3 / m l). Other biochemical tests were normal. A rapid 
diagnostic test for in fl uenza type A was positive, and RT-PCR con fi rmed the presence of viral A/
H1N1v RNA. 

 Oseltamivir was administered in a therapeutic dose (2 × 30 mg) for 5 days. The boy’s condition 
gradually improved, from the treatment Day 3, his fever resolved. His  fi nal blood count was 
normal (4.4 × 10 3 / m l leucocytes, granulocytes 1.6 × 10 3 / m l, and platelets 173 × 10 3 / m l). After 6 days 
of hospitalization, the boy was discharged home in good condition.  

    33.2.1.4   Case 4 

 A 2.5-month-old male infant (I.N.) was referred to the hospital because of upper respiratory tract 
infection and suspected bilateral otitis media. For about 5 days, behavior changes, restlessness, worse 
appetite were observed. One day earlier, the boy started fever up to 39.3°C, had a dry cough and 
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watery coryza. On admission, symptoms of upper respiratory tract were present (rhinorrhea, a 
reddened and softened throat, bilaterally in fl amed tympanic membrane). 

 Anemia (Hgb −10.3 g/dl) was found in the blood, with a white blood cell count at the lower limit 
of the norm (5.6 × 10 3 / m l); the microscopic smear was normal. Other biochemical tests, including CRP 
levels were normal. The radiographic  fi ndings included peribronchial in fl ammatory consolidation in 
the middle-lower part of the right lung. A rapid diagnostic test for in fl uenza type A was positive, and 
a RT-PCR test con fi rmed the presence of viral A/H1N1v RNA. 

 Oseltamivir was administered in a therapeutic dose (2 × 17.5 mg). However, on account on the 
child’s age and in fl ammatory changes in the lungs antimicrobial treatment (amoxicillin with clavulanic 
acid) was added. From Day 2, there was an improvement of general condition, normalization of body 
temperature and appetite improvement. In  fi nal tests after 8-day therapy, an increase of white blood 
cells (7.5 × 10 3 / m l) was noted; the patient, however, still remained anemic (Hgb – 9.7 g/dl). After 
10 days of treatment, the boy was discharged home in good condition.  

    33.2.1.5   Case 5 

 A 2-month female infant (M.R.) was referred to hospital because of 1-day fever up to 39°C, malaise, 
drowsiness, aversion to food. A previously healthy child, pregnancy, and childbirth course were 
uneventful. In history, there were upper respiratory tract infections in her siblings. On admission 
tachycardia was found (150 bpm), bloated and tense abdomen, painful on palpation, and greenish, 
profuse, and liquid stools. There were no signs of the upper or lower respiratory tract infection. 

 Anemia (Hgb – 10.6 g/dl) was found in the blood, with a reduced white cell count (3.5 × 10 3 / m l), 
granulocytopenia (0.5 × 10 3 / m l, 18.5%), and a low blood platelet count (130 × 10 3 / m l). In biochemical 
tests, there were elevated levels of CRP-19.7 mg/l and procalcitonin (   PCT – 0.5 ng/ml; norm up to 
0.5 ng/ml); other tests were normal. Chest X-ray was normal. 

 Lumbar puncture was not performed due to the lack of parental consent. Suspecting a generalized 
infection, however, the patient received ceftriaxone. On hospital Day 2 day, the girl continued fever, 
signs of upper respiratory tract infection appeared (abundant mucus in the nose, dry rales over the 
lungs  fi elds). A rapid test for in fl uenza was performed, which turned up positive for in fl uenza A. 

 RT-PCR testing con fi rmed the presence of viral A/H1N1v RNA. Given the infant’s age oseltamivir 
was administered in a therapeutic dose (2 × 11.25 mg) for 5 days, achieving very rapid improvement 
in clinical condition. From Day 3 on, the girl did not have fever, was active, and ate willingly, put on 
weight. Her  fi nal blood tests were normal, apart from persistent anemia (Hgb 10.0 g/dl).  

    33.2.1.6   Case 6 

 A 3.5-year-old boy (B.F.) was hospitalized in the department for several days because of recurrent, 
bilateral, exudative otitis, pharyngitis, and tonsillitis. Suddenly, on Day 8 of parenteral antibiotic 
therapy (amoxicillin with clavulanic acid), he started fever up to 39.4°C, gave a single loose stool. 
On physical examination, there were no abnormalities. However, in full blood count leucopenia 
(4.4 × 10 3 / m l) was noted, with a left shift (bands 0.6 × 10 3 / m l, 14%, segmented 2.9 × 10 3 / m l, 66%). 
In addition, ESR was accelerated to 60 mm after 1 h. Other tests, including CRP, were normal. 
A rapid diagnostic test for in fl uenza A was positive. RT-PCR testing con fi rmed the presence of viral 
A/H1N1v RNA. 

 Nosocomial A/H1N1v in fl uenza virus infection was diagnosed. The patient received oseltamivir in 
a therapeutic dose (2 × 45 mg). The boy had fever for two consecutive days, vomited several times, 
gave loose stools, and required intravenous rehydration. Rotavirus, adenovirus, or norovirus infection 
was excluded. On the third day of antiviral therapy, fever stopped, his general condition improved. 
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In the  fi nal blood count, leucopenia (4.0 × 10 3 / m l) remained, microscopic smear was normal, and ESR 
decreased to 30 mm. 

 This patient apparently came down with an Nosocomial A/H1N1v in fl uenza infection, despite the 
fact that other ill children were in isolation rooms with their parents, and medical staff followed the 
procedures of isolation.  

    33.2.1.7   Case 7 

 An 11-year-old girl (J.S.), with a positive history of bronchial asthma, was admitted to the emer-
gency room due to 5-day dry, persisting cough, 1-day fever up to 39.5°C, and myalgia. Physical 
examination showed enlarged cervical and submandibular lymph nodes, reddened throat, and 
bilateral exacerbated vesicular murmur over the lung  fi elds. Attention drew an intense, exhausting 
cough, greatly affecting speech. 

 The blood count revealed leucopenia (3.5 × 10 3 / m l), with the predominance of lymphocytes 
(2.1 × 10 3 / m l, 60%). Other biochemical blood tests, including CRP and ESR, and chest X-ray were 
normal. A rapid diagnostic test for in fl uenza type A was positive, but RT-PCR testing did not detect 
A/H1N1v in fl uenza virus RNA. Nonetheless, on the account of asthma in anamnesis and a season of 
increased in fl uenza morbidity, the patient received oseltamivir (2 × 75 mg) for 5 days, plus steroids 
and beta-agonists by inhalation, gaining rapid clinical improvement. In the  fi nal blood cell count, 
performed after the completion of therapy, white blood cell count was normal (5.1 × 10 3 / m l), with a 
tendency to normalization of the microscopic smear (lymphocytes 2.6 × 10 3 / m l, 50%). After the 6-day 
therapy, the girl was discharged in good condition. 

 Considering the clinical course, epidemiological data (a signi fi cant increase in in fl uenza cases in 
this period), and a positive rapid test for in fl uenza A, despite the lack of A/H1N1v virus con fi rmation 
by RT-PCR testing, we believed the girl had A/H1N1v in fl uenza.    

    33.3   Discussion 

 In this report we presented the course of A/H1N1v in fl uenza in seven children who were hospitalized 
in one of Warsaw’s hospitals within only 45 days (November-December 2009) (Table  33.1 ). In Poland, by 
the decision of the Minister of Health, no A/H1N1v in fl uenza vaccines had been purchased; there-
fore, in fl uenza cases occurred in the unvaccinated population. As it appears from this case report, 

   Table 33.1    Abnormalities found in laboratory tests performed on admission in seven hospitalized children with the 
diagnosis of A/H1N1v in fl uenza   

 Patient    
 Lab  fi ndings 

 Nr 1 
(P. S.) 

 Nr 2 
(A.B.) 

 Nr 3 
(K.G.) 

 Nr 4 
(I.N.) 

 Nr 5 
(M.R.) 

 Nr 6 
(B.F.) 

 Nr 7 
(J.S.) 

 Hgb (g/dl)  12.5  11.4  12.7  10.3  10.6  12.4  13.9 
 WBC (×10 3 / m l)  6.0  8.4  3.5  5.6  3.5  4.4  3.5 
 Gran. (×10 3 / m l)  5.2  3.1  0.6  1.3  0.5  2.1  1.4 
 (%)  86  37.2  18.5  23.3  15.4  66  35.1 
 Limf. (×10 3 / m l)  0.7  5.4  2.5  3.6  2.4  0.6  2.1 
 (%)  11.7  60  71.7  63.5  64.1  13.5  60 
 PLT (×10 3 / m l)  175  266  124  302  130  319  211 
 CRP mg/l (norm to 2.8 mg/l)  17.4  62.8  0.7  1.1  19.7  0.4  0.6 
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the clinical picture of in fl uenza caused by A/H1N1v virus among the hospitalized children had the 
following main features: 

   high fever, 39–40°C, weakness, apathy, a loss of appetite;  • 
  symptoms of respiratory tract infection ( • rhinorrhea , sore throat, cough), appearing concomitantly 
with fever or 1 day afterward;  
  pneumonia in 2 out of the 7 hospitalized children ( • Cases 2 & 4 );  
  gastrointestinal symptoms (diarrhea, vomiting), predominating in 2 children ( • Cases 5 & 6 );  
  neurological manifestations (a loss of consciousness, seizures), predominating in 2 children • 
( Cases 1 & 3 );  
  transient decrease in platelet count in 2 children ( • Cases 3 & 5 );  
  blood counts revealed leucopenia in 5 cases;  • 
  CRP level elevated in 3 cases.    • 

 All hospitalized children were treated with oseltamivir (Tami fl u, Roche) in age- and weight-related 
therapeutic doses. The possibility of performing a rapid in fl uenza test for in fl uenza enabled an 
immediate implementation of antiviral therapy and quick improvement of patient clinical condition 
(Heinonen et al.  2010  ) . 

 In cases of suspected mixed viral-bacterial infection (high levels of CRP, ESR, PCT) or radiologi-
cally con fi rmed pneumonia an antibiotic (amoxicillin with clavulanate or ceftriaxone) was adminis-
tered. A decrease in fever and a signi fi cant relief of disease symptoms were observed from the 
3rd day of therapy. 

 Within 45 days (November-December) 2009, in every fourth child reporting to the hospital emer-
gency room with in fl uenza-like symptoms, in fl uenza type A was diagnosed. In this period, many 
children had to be referred to hospitals outside Warsaw due to overcrowding. We believe that during 
that period there was an increase in A/H1N1v in fl uenza in Poland. Fortunately, the course of in fl uenza 
was generally mild in children who were not from risk groups. The availability of a rapid diagnostic 
test for in fl uenza in a potentially epidemic period was very useful, and its performance quick, easy 
and cost-effective in economic terms. The price of one test was approx. 13 Euro, while the RT-PCR 
testing for A/H1N1v in fl uenza was 4.5 times more expensive. Furthermore, the result of a rapid test 
was immediate, while RT-PCR took a few days, which delayed administration of antiviral therapy. 

 A positive result of a rapid diagnostic test not only allows undertaking the optimal for the patient 
clinical decision but also enables to take epidemiological decisions (isolation of infected patients) in 
order to reduce the spread of infection both within and outside the department.  

    33.4   Conclusions 

 A/H1N1v in fl uenza pandemic announced by WHO, was a challenge for the Polish and global health 
care systems in the 2009/2010 season. Subsequent publications and case reports are a source of 
medical expertise and a kind of preparation for next season of increased in fl uenza incidence (Centers 
for Disease Control and Prevention  2010  ) . 

 The presented cases demonstrate that not only adolescents but also little children are affected by 
A/H1N1 in fl uenza, and the leading symptoms may be nonspeci fi c or atypical, such as unconscious-
ness, seizures, vomiting, or diarrhea. Therefore, a quick diagnosis at the emergency room is extremely 
important to be able to provide appropriate treatment and limit the further spread of infection among 
people from the closest circle. 

 Our experience shows that rapid tests for in fl uenza are extremely helpful in making these decisions 
and establishing an accurate diagnosis, yet cost-effective. The importance of immunization, espe-
cially among medical staff who is particularly vulnerable to infection must be emphasized, too.      
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  Abstract   This study presents epidemiological and clinical data on non-sentinel patients considered 
by physicians as suspected to be infected with pandemic A(H1N1)2009 virus, from whom clinical 
specimens were sent for testing to the National In fl uenza Center, NIPH-NIH in Warsaw, Poland. 
Between April 28, 2009 and August 10, 2010, 988 (15.7%) out of the 6,311 specimens were tested by 
the National In fl uenza Center, including 798 from non-sentinel sources and 190 from sentinel in fl uenza 
surveillance network. The non-sentinel specimens were tested by conventional RT-PCR to detect 
in fl uenza A and in the case of positive specimens – one-step real-time RT-PCR to detect the pandemic 
virus A(H1N1)2009. In 145 (18.2%) cases, infections with the pandemic virus were con fi rmed, with 
the highest number in patients aged 15–25. In 45% of the con fi rmed cases, a history of travel to 
other countries was registered. The most common symptoms were fever  ³ 38°C (72.7%), cough (50%), 
sore throat, and myalgia (26.1%). In 40.7% of the swabbed patients, clinical and epidemiological 
criteria for the novel in fl uenza A(H1N1)2009, set by the European Commission, were met. There 
were, however, specimens from persons without any reasonable indication for testing for the pandemic 
virus, specimens collected incorrectly, and documentation without basic information. These weaknesses  
resulted in unnecessary costs and overload of health care units. An improvement should be achieved 
in the area of communication between different pandemic players in the future. More attention is also 
needed to ensure that requirements and recommendations are known and used.  

  Keywords   A(H1N1) virus  •  In fl uenza  •  Pandemic  •  Respiratory infection  •  Virus    
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    34.1   Introduction 

 On June 11, 2009, World Health Organization (WHO) declared the outbreak of in fl uenza pandemic 
caused by the novel A(H1N1) virus of swine origin. In Europe, the  fi rst cases were con fi rmed in 
the United Kingdom and Spain in the end of April 2009 (ECDC  2010a  ) . Since then, the National 
In fl uenza Center (NIC) in Poland, located at the Department of In fl uenza Research of the National 
Institute of Public Health-National Institute of Hygiene (NIPH-NIH) in Warsaw, Poland, immedi-
ately took necessary actions to manage this public health threat and as the  fi rst step to introduce 
appropriate methods of laboratory diagnostics. As of April 28, 2009 until the end of July 2009, the 
NIC was the only laboratory in Poland responsible for diagnostics of infections caused by the novel 
virus and authorized by WHO. Afterwards, testing was also performed by laboratories of 10 out of 
the 16 Voivodship Sanitary-Epidemiological Stations (VSESs) which successively received neces-
sary equipment and became able to perform laboratory diagnostics of A(H1N1)2009 virus by 
PCR-based methods. Between April 28, 2009, when the  fi rst specimen was collected in Poland and 
August 10, 2010, when the end of the pandemic was announced by WHO, a total number of 6,311 
specimens were tested all over the country. Infections with the pandemic A(H1N1)2009 in fl uenza 
virus were con fi rmed in 2,378 cases (37.7%). The specimens were collected within the sentinel 
in fl uenza surveillance system, but most of them originated from the non-sentinel sources, mainly 
hospitals. The NIC received and tested 988 out of the 6,311 specimens (15.7%), including 798 
from the non-sentinel sources (80.8%) and 190 specimens from sentinel in fl uenza surveillance 
network (19.2%). 

 The previous in fl uenza pandemic occurred in 1968–1969, affected all age groups and was associ-
ated with one to four millions of deaths caused by A(H3N2) virus (WHO  2009b  ) . Since 1997, there 
have been human infections with highly pathogenic avian in fl uenza virus (HPAI) of A(H5N1) sub-
type with mortality reaching up to 60%. So far, all infections were due to direct contact with ill or 
dead birds or their feces, but sustained human-to-human transmission was not con fi rmed. In 1999, 
WHO prepared and published ‘In fl uenza Pandemic Plan. The Role of WHO and Guidelines for 
National and Regional Planning’ that emphasized the necessity to prepare national in fl uenza pan-
demic preparedness plans by all member states (WHO  1999  ) . The document was updated in 2005 
(WHO  2005  )  and now is replaced by that of April 2009 (WHO  2009b  ) . Since 1997, concerns of 
WHO and in fl uenza experts regarding a possible pandemic outbreak were closely related to HPAI 
A(H5N1) virus. Therefore, the emergence of the novel A(H1N1) virus having pandemic potential in 
April 2009 was, to an extent, unexpected. The pandemic A(H1N1)2009 in fl uenza virus is a reas-
sortant of Eurasian avian-like swine A(H1N1) virus and North American swine A(H1N1) virus. The 
latter is a triple reassortant having genes of classical swine A(H1N1) virus, North American avian 
virus, and human in fl uenza A(H3N2) virus (ECDC  2010b ; Neumann and Kawaoka  2011  ) . 
Consequently, the pandemic A(H1N1)2009 in fl uenza virus has ribonucleic acid (RNA) segments 
coding neuraminidase (NA) and matrix protein (M) derived from the Eurasian avian-like swine 
in fl uenza virus, segment coding polymerase PB1 derived from human seasonal in fl uenza A(H3N2) 
virus, segments coding polymerase PA and polymerase PB2 derived from North American avian 
in fl uenza virus, while the segment coding hemagglutinin (HA), nucleoprotein (NP), and non-structural 
protein (NS) derived from the North-American classical swine in fl uenza virus (ECDC  2010b ; 
Neumann and Kawaoka  2011  ) . According to WHO reports, until August 1, 2010 over 214 countries 
worldwide were affected by the pandemic virus, and over 18,449 deaths were con fi rmed, including at 
least 4,879 in WHO EURO Region (WHO  2010a  ) . 

 The aim of this study was to present epidemiological and clinical data on the 798 non-sentinel 
patients considered by physicians as suspected to be infected with pandemic A(H1N1)2009 virus, 
from whom clinical specimens were sent for testing to the NIC.  
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    34.2   Methods 

 The data presented in this report include specimens collected between April 28, 2009 and August 
10, 2010. In each case, a decision which patient should be swabbed was made by a physician. 
Detailed instructions regarding collection of clinical material, including its storage and transport, 
were prepared by the NIC and available on the website. Similarly, appropriate information was 
available on the website of the Chief Sanitary Inspectorate and the Ministry of Health. Phone infor-
mation was also provided by the staff of the NIC and the National IHR Focal Point. Clinical materi-
als were nasal and throat swabs, less often bronchoalveolar liquid, or tracheal washings. The NIC 
performed diagnostics of the pandemic in fl uenza A(H1N1)2009 virus by nucleic acid ampli fi cation 
techniques. RNA was extracted from a specimen volume of 140  m L with QIAamp RNA Mini Viral 
Kit (Qiagen, Germany) according to the manufacturer’s instruction. As the  fi rst step, conventional 
one-step reverse transcription-polymerase chain reaction (RT-PCR) assay was done to detect M 
gene of in fl uenza virus A using Transcriptor One-Step RT-PCR Kit (Roche Diagnostics, 
Switzerland) and the following sets of primers: until December 2009 primers M30F 
(TTCTAACCGAGGTCGAAACG) and M264R2 (ACAAAGCGTCTACGCTGCAG) were used 
(WHO Collaborating Centre for Reference and Research on In fl uenza, National Institute of 
Infectious Diseases, Tokyo, Japan) and since December 2009 the modi fi ed primers were 
used: M30F2/08 (ATGAGYCTTYTAACCGAGGTCGAAACG) and M264R3/08 
(TGGACAAANCGTCTACGCTGCAG) (WHO Collaborating Centre for Reference and Research 
on In fl uenza, National Institute of Infectious Diseases, Tokyo, Japan) (WHO  2009g  ) . The tempera-
ture pro fi le was the following: reverse transcription for 30 min at 50°C; inactivation of reverse 
transcriptase and initial denaturation for 7 min at 94°C; then 45 cycles of denaturation at 94°C for 
10 s, annealing at 55°C for 30 s, and extension at 68°C for 55 s. The reaction was completed by a 
 fi nal extension at 68°C for 7 min. All specimens positive for in fl uenza A were then tested by one-
step real-time RT-PCR assay performed on the LightCycler 2.0 machine (Roche), using the proto-
col developed by the Centers for Disease Control and Prevention (CDC; Atlanta, USA) and 
SuperScript™III Platinum® One-Step Quantitative RT-PCR System (Invitrogen, USA) to detect 
HA gene of the pandemic in fl uenza virus A(H1N1)2009 (WHO  2009a  ) . 

 Data regarding individual patients were analyzed by sex, age, seasonal in fl uenza vaccination status, 
symptoms of illness, and epidemiological and clinical criteria included into the case de fi nition of the 
pandemic in fl uenza A(H1N1)2009 (European Commission  2009  ) .  

    34.3   Results 

 Data on the age of the swabbed patients, their sex, and the vaccination status is presented in Table  34.1 . 
The highest proportion of specimens was received from patients aged 15–44 (61.7%, if patients of the 
unknown age were excluded). The specimens collected from men and women were relatively equally 
represented (47.7%  vs.  52.3%). In 537 (67.3%) out of the 798 patients, information on the vaccination 
status against seasonal in fl uenza in the epidemic season 2008/2009 or 2009/2010 was given by a physi-
cian. Among them, there were 7.3% of the vaccinated patients.  

 In 145 (18.2%) cases of 798 non-sentinel specimens, infections with the pandemic virus were 
con fi rmed. Most of the con fi rmed cases were found in the age group 15–25 years (42.8%). Similarly 
to the total number of specimens analyzed, the positive specimens were collected equally from men 
and women (51.0%  vs.  49.0%). In the case of 99 patients, information on the vaccination status was 
known. Among them only 6.1% were vaccinated against seasonal in fl uenza in the epidemic season 
2008/2009 or 2009/2010. Detailed information is given in Table  34.2 .  
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 The  fi rst laboratory-con fi rmed case in Poland was diagnosed on May 6, 2009 (week no. 19/2009). 
This specimen was collected from a woman aged 37 old who visited the USA and developed symptoms 
less than a week after the return to Poland. 

 The highest number of the non-sentinel specimens was received by the NIC in weeks 30–31/2009 
(July 20, 2009–August 2, 2009). During summer holidays, i.e., between week 27/2009 (June 29, 

   Table 34.1    Non-sentinel patients suspected to be infected with A(H1N1)2009 in fl uenza 
virus from whom clinical specimens were collected and laboratory tested at the Dept. of 
In fl uenza Research, National In fl uenza Center, NIPH-NIH, between April 28, 2009 and 
August 10, 2010   

 No. of patients  % 

 Age (year) 
 0–4  37  4.6 
 5–14  102  12.8 
 15–25  269  33.7 
 26–44  209  26.2 
 45–64  127  15.9 
  ³ 65  31  3.9 
 Unknown  23  2.9 

  Gender  
 Male  380  47.6 
 Female  417  52.3 
 Unknown  1  0.1 

  Vaccination against seasonal in fl uenza in the 
epidemic season 2008/2009 or 2009/2010  

 Yes  39  4.9 
 No  498  62.4 
 Unknown  261  32.7 
  Total    798    100  

   Table 34.2    Non-sentinel patients with laboratory con fi rmed infection with A(H1N1)2009 
in fl uenza virus from whom clinical specimens were collected and laboratory tested at the Dept. 
of In fl uenza Research, National In fl uenza Center, NIPH-NIH, between April 28, 2009 and 
August 10, 2010   

 No. of patients  % 

  Age  
 0–4  11  7.6 
 5–14  32  22.1 
 15–25  62  42.8 
 26–44  27  18.6 
 45–64  9  6.2 
  ³ 65  4  2.7 
 Unknown  0  0.0 

  Gender  
 Male  74  51.0 
 Female  71  49.0 
 Unknown  0  0.0 

  Vaccination against seasonal in fl uenza in the 
epidemic season 2008/2009 or 2009/2010  

 Yes  6  4.1 
 No  93  64.1 
 Unknown  46  31.7 
  Total    145    100  
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2009- July 5, 2009) and week 35/2009 (August 24–30, 2009), 52% of all specimens were collected. 
Since week 33/2009 (August 10–16, 2009), the number of specimens gradually decreased, although 
between week 45/2009 (November 2–8, 2009) and 48/2009 (November 23–29, 2009) an increase in 
the number of specimens was observed (Fig.  34.1 ).  

 A proportion of positive specimens among all specimens tested between the age groups ranged 
from 7.1% in the patients aged 45–64 to 31.4% in those aged 5–14 (Fig.  34.2 ).  

  Fig. 34.1     Number of clinical specimens tested  (n = 798) and positive (n = 145) for the pandemic in fl uenza 
A(H1N1)2009 in different calendar weeks between April 27, 2009 and August 10, 2010       

  Fig. 34.2     Proportion of specimens positive for the pandemic in fl uenza  A(H1N1)2009 in different age groups       
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 In 45.5% of patients with laboratory con fi rmed infection with A(H1N1)2009 in fl uenza virus, a 
history of travel to other countries was registered (Fig.  34.3 ). Among them, almost 40% returned from 
Spain and 30% visited the USA and/or Canada or Mexico (Fig.  34.4 ).   

 Information on the clinical symptoms was available for 88 out of the 145 patients with laboratory 
con fi rmed A(H1N1)2009 infection. Among them, the most common symptoms were fever  ³ 38°C 
(72.7% of patients), cough (50.0%), sore throat (26.1%), myalgia (26.1%), and coryza (20.5%) 
(Table  34.3 ).  

  Fig. 34.3     Epidemiological data  on the patients with laboratory con fi rmed A(H1N1)2009 infection (n = 145)       

  Fig. 34.4     Proportion of patients visiting different countries  in whom A(H1N1)2009 infection was laboratory 
con fi rmed after their return to Poland (n = 66)       

 

 



27734 Infections with A(H1N1)2009 In fl uenza Virus in Poland During the Last Pandemic…

   Table 34.3    Clinical symptoms in patients with laboratory con fi rmed infection with 
A(H1N1)2009 in fl uenza virus (n = 145) from whom clinical specimens were collected 
and laboratory tested at the Dept. of In fl uenza Research, National In fl uenza Center, NIPH-
NIH, between April 28, 2009 and August 10, 2010   

 Symptom  No. of patients  % 

 Fever  ³ 38°C  64  44.1 
 Subfebrile body temperature  5  3.4 
 Cough  44  30.3 
 Sore throat  23  15.9 
 Myalgia  23  15.9 
 Coryza  18  12.4 
 Malaise  10  6.9 
 Headache  9  6.2 
 Chills  6  4.1 
 Abdominal pain  3  2.1 
 Lack of appetite  2  1.4 
 Vomiting  4  2.8 
 Dyspnea  2  1.4 
 Conjunctivitis  2  1.4 
 Nausea  2  1.4 
 Diarrhea  1  0.7 
 Sinusitis  1  0.7 
 Lacrimation  1  0.7 
 Stomatitis  1  0.7 
 Dizziness  1  0.7 
 No symptoms (contact with the 

con fi rmed case) 
 7  4.8 

 No speci fi c data available  57  39.3 

 40.7% of all swabbed patients met the European Commission’s (EC  2009  )  clinical and epidemio-
logical criteria for novel in fl uenza A(H1N1)2009. When the population of patients was broke down 
to infected and non-infected persons, 56% (56 out of the 75) of those with con fi rmed infection and 
38.1% (167 out of the 438) of those with not con fi rmed infection met these criteria. Detailed data for 
all swabbed patients are presented in Table  34.4 .   

    34.4   Discussion 

 The results presented in this article indicate two different aspects of the in fl uenza pandemic 
A(H1N1)2009 in Poland. The  fi rst is the similarity of the infection picture to that in other countries, 
while the second reveals weaknesses in the response to a pandemic situation which should be treated 
as a lesson for the future. 

 Since the  fi rst information on the emergence of the novel in fl uenza virus in Europe, the NIC started 
preparations for the diagnosis of infections caused by this pathogen. A formal cooperation was main-
tained with WHO and the European Centre for Disease Prevention and Control (ECDC) and there 
were informal contacts with the members of the WHO Global In fl uenza Surveillance Network (GISN) 
and the European In fl uenza Surveillance Network (EISN). Certainly, cooperation with the most 
important national bodies was also in place, including the Ministry of Health, the Chief Sanitary 
Inspectorate, and the Government Center for Security. The NIC regularly participated in the meetings 
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of the National In fl uenza Pandemic Committee providing scienti fi c background and advice on the 
interventions or recommendations that should be prepared for physicians, laboratory workers, and the 
community. In the  fi rst step, the NIC prepared detailed instructions regarding the collection of clinical 
specimens (types of specimens, technical ways of their collection, the optimal time for specimen 
collection, storage and transport conditions, etc.) that were available on the website of the NIPH-NIH 
and on other relevant websites. Moreover, staff of the NIC was able to respond to any questions 
regarding the diagnostics of the pandemic virus and in the  fi rst months of the pandemic, until the end 
of July 2009, this type of information, along with the diagnostics, was given to all interested parties 
on a 24-h basis. Most of the specimens (80.8%) tested by the NIC were from outside the sentinel 
in fl uenza surveillance network, i.e. , mainly from hospitals. This resulted from the recommendations 
of the Minister of Health, the National Adviser for the Infectious Diseases, the National Adviser for 
Epidemiology, and other members of the National In fl uenza Pandemic Committee. According to 
them, all patients meeting clinical criteria and epidemiological criteria of the infection with the novel 
in fl uenza virus A(H1N1)2009 had to be admitted to hospital infectious wards and the hospitals were 
responsible for the specimen collection and sending for laboratory testing. Since August 3, 2009, the 
above recommendations were modi fi ed and patients not severely ill were treated at home. This change 
of the recommendations also explained a decrease of the number of specimens received by the NIC 
since week 33/2009 (August 10–16, 2009). This decrease also resulted from the fact that laboratories 
of the VSESs gradually became able to perform laboratory diagnostics of A(H1N1)2009 virus. Thus, 
since August 2009, the NIC played mainly a role of a national reference laboratory verifying ques-
tionable results and coordinating the sentinel in fl uenza surveillance system. It is interesting that fol-
lowing the decrease above outlined, a secondary increase in the number of non-sentinel specimens 
between weeks 45–48/2009 was observed. This situation could be partially associated with a signi fi cant 

   Table 34.4    Clinical and epidemiological criteria of the novel in fl uenza A(H1N1)2009 case (European Commission 
 2009  )  met in patients from whom clinical specimens were collected and laboratory tested at the Dept. of In fl uenza 
Research, National In fl uenza Center, NIPH-NIH, between April 28, 2009 and August 10, 2010   

 Criteria met a   All patients  % 
 Infected 
patients  % 

 Non-infected 
patients  % 

 Clinical & epidemiological  209  26.2  42  29.0  167  25.6 
 Only epidemiological  240  30.1  28  19.3  212  32.5 
 Only clinical  14  1.8  0  0.0  14  2.1 
 Epidemiological criteria met, but no 

information on clinical criteria 
 72  9.0  24  16.6  48  7.4 

 Clinical criteria met, but no information 
on epidemiological criteria 

 41  5.1  11  7.6  30  4.6 

 Epidemiological criteria not met and no 
information on clinical criteria 

 8  1.0  0  0.0  8  1.2 

 Clinical criteria not met and no informa 
tion on epidemiological criteria 

 28  3.5  5  3.4  23  3.5 

 Neither epidemiological nor clinical 
criteria met 

 14  1.7  0  0.0  14  2.1 

 No information on clinical and epidemio
logical criteria 

 172  21.6  35  24.1  137  21.0 

  Total   798  100  145  100  653  100 

   a  EC  epidemiological criteria met when at least one of the following three occurred in 7 days before disease onset: 
(1) close contact to a con fi rmed case of novel in fl uenza A(H1N1) virus infection while the case was ill, (2) traveling to 
an area where sustained human-to-human transmission of novel in fl uenza A(H1N1) was documented, and (3) working 
in a laboratory where samples of the novel in fl uenza A(H1N1) virus were tested 
 EC clinical criteria met when one of the following three occurred: (1) fever >38°C and signs and symptoms of acute respi-
ratory infection, (2) pneumonia (severe respiratory illness), and (3) death from unexplained acute respiratory illness  
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increase of the number of in fl uenza-like illness (ILI) cases in the Ukraine in November 2009 and a 
recommendation of the National In fl uenza Pandemic Committee in Poland to intensify tracing of the 
suspected cases in the voivodships bordering the Ukraine (WHO  2009f  ) . Nevertheless, in  fi rst part of 
November 2009, twofold to almost fourfold increase of the ILI incidence was registered in the whole 
of Poland compared with the last week of October 2009 (107.8 ILI cases/100,000 between 8th and 
15th of November 2009  vs.  65.5 ILI cases/100,000 between November 1–7, 2009  vs.  27.8 cases/100,000 
between October 23–31, 2009) (National Institute of Public Health-National Institute of Hygiene and 
Chief Sanitary Inspectorate  2009a,   b,   c  ) . 

 This study shows that adolescents and young adults were the most frequently affected subjects; 
48.2% of con fi rmed cases in the 15–25 years old and only 2.7% in the  ³ 65 years old group. This 
 fi nding is consistent with the observations made in most of other countries (WHO  2009c  ) . Metaanalysis 
performed by Khandaker et al.  (  2011  )  on data pooled from  fi ve studies from the United Kingdom, 
Germany, Peru, the USA, and Saudi Arabia showed that 64% of the con fi rmed cases were in patients 
aged 10–29. The authors also show that the highest proportion of positive cases among all specimens 
collected in a given age group was present in patients up to 25 years of age (29.7% of positive specimens 
in 0–4 years old; 31.4% in 5–14 years old, and 23% in 15–25 years old subjects). 

 This higher rate of infections at younger age and lower in the elderly are not surprising as HA 
glycoprotein of the A(H1N1)2009 pandemic virus is more similar to HA glycoprotein of the 1918 
pandemic virus and its close descendants than to the seasonal in fl uenza viruses A(H1N1) circulating 
recently (Garten et al.  2009 ; Greenbaum et al.  2009 ; Krause et al.  2010 ; Smith et al.  2009 ; Xu et al. 
 2010  ) . This was also con fi rmed by the seroepidemiological studies showing that people aged >60 years 
have pre-existing cross-reactive speci fi c antibodies to the pandemic virus A(H1N1)2009 (Booy et al. 
 2011 ; Hancock et al.  2009 ; Ikonen et al.  2010 ; Miller et al.  2010 ; Rizzo et al.  2010 , WHO  2009d, 
  2010b  ) . The  fi nding of this study that the most affected group was patients aged up to 25 may also be 
related to summer holidays. During 9 weeks of the holiday time, 52% of all non-sentinel specimens 
from a 67-week long period of analysis were collected. The present study shows that 45.5% of infected 
patients had a history of travel to other countries earlier affected by the pandemic in fl uenza virus. It is 
also a reasonable assumption that young people were more likely to travel than older ones. It is also 
known that at least to mid-August 2009 all con fi rmed in fl uenza cases in Poland, i.e., those diagnosed 
at the NIC and VSESs laboratories were imported or linked with the imported cases. A similar situation 
was observed in other European countries, while a sustained virus transmission at a national level was 
observed in Spain, Germany, and the United Kingdom. 

 An equal frequency of infection in either sex, a fairly mild course, and the presence of gastrointes-
tinal symptoms in about 14% of cases seen in the present study are all in accord with the observations 
made in other studies (Khandaker et al.  2011 ; Neumann and Kawaoka  2011 ; WHO  2009c,   e  ) . We also 
analyzed vaccination status of the swabbed patients regarding seasonal in fl uenza vaccination in the 
epidemic season 2008/2009 and 2009/2010. These seasonal vaccines did not provide any protection 
against the A(H1N1)2009 pandemic virus. Nevertheless, it was interesting to  fi nd out how many of 
the swabbed patients were vaccinated with the seasonal vaccine, especially taking into account a 
strong interest of the community in acquiring the pandemic vaccine, on the one hand, and a low sea-
sonal in fl uenza vaccination rate in the general Polish population, on the other hand. The results show 
that barely 7.3% of the swabbed patients were vaccinated. The vaccination rate was no different 
among the positive cases, amounting to 6.1%. These values are similar to the seasonal in fl uenza vac-
cination rates registered for a few epidemic seasons in the total population in Poland. In the epidemic 
season 2008/2009 barely 5.2% of the total Polish population was vaccinated against in fl uenza, in 
2009/2010 – 5.5%, and in 2010/2011 – 5.0% (Brydak  2010,   2011  ) . According to the European Union’s 
Council Recommendation 2009/1019/EU of December 22, 2009, all member states should prepare 
and implement national, regional, and local plans or appropriate policies to improve seasonal in fl uenza 
vaccination coverage to be able to achieve a target of 75% vaccination coverage in the older age 
groups and, if possible, also in other risk groups and healthcare workers, preferably by the season 
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2014/2015 (European Council  2009  ) . In Poland, there is no speci fi c national program for human sea-
sonal in fl uenza. There is a National Health Program prepared for the years 2007–2015 and one of its 
strategic objectives is to increase the effectiveness of prevention against infectious diseases and infec-
tions. One of the priorities of this program is to reduce the incidence of infectious diseases that are 
preventable by vaccinations. Nevertheless, in fl uenza is not mentioned in the program by name 
(National Health Program for years  2007 –2015). A low interest in in fl uenza prophylaxis causes that 
there is still much to do to increase in fl uenza vaccination coverage in Poland. 

 Considering the emergence of the pandemic in fl uenza virus A(H1N1)2009, the ECDC prepared, 
on the request of the EC, a case de fi nition for the illness caused by this pathogen, including clinical, 
epidemiological, and laboratory criteria (European Commission  2009  ) . The de fi nition determines that 
a case under investigation is any person meeting both clinical and epidemiological criteria. Certainly, 
the use of this case de fi nition has been important, particularly in the  fi rst months of the pandemic 
when there was no sustained transmission of the virus observed and the majority of the cases were 
imported. The results of this study show that the above case de fi nition has not been known or used by 
many physicians who collected clinical specimens and sent it to the NIC. Both types of criteria were 
met in 40.7% of the swabbed patients. It is also known that among patients with the laboratory 
con fi rmed infection, clinical and epidemiological criteria were met in 56.0% of them, while among 
non-infected patients – in 38.1% of them. These results con fi rm that collection of specimens from 
patients meeting both types of criteria could increase a probability to single out persons really infected 
with the pandemic virus. The EC case de fi nition was available in Polish on the most important web-
sites providing information to physicians and the community during the pandemic, and in the recom-
mendations prepared for physicians by the Minister of Health, the National Adviser for the Infectious 
Diseases and the National Adviser for Epidemiology. Therefore, there is a question of whether distri-
bution of this information was poor and ineffective or physicians just did not use the information in 
practice. The problem was repeatedly discussed during the meetings of the National Pandemic 
Committee. There is a probability that physicians acted under strong pressure put out by patients and 
consequently tried to avoid any negative reactions. Nevertheless, testing the specimens collected from 
patients who did not meet both epidemiological and clinical criteria resulted in unnecessary costs and 
overload of laboratory staff and healthcare workers. Even when transmission of the pandemic virus 
was already sustained and con fi rmed in the Polish community, laboratory diagnostics should be per-
formed for patients meeting clinical criteria and preferably for patients from the risk groups or with a 
severe course of the disease, according to WHO recommendations (WHO  2009h  ) . The experience of 
the NIC shows that some specimens have been collected from asymptomatic patients, e.g., from seven 
healthcare workers from the same hospital department who had no symptoms, but had contact with a 
con fi rmed case. Moreover, these healthcare workers asked the NIC to perform diagnostics for in fl uenza 
A(H1N1)2009 and for in fl uenza B, despite the fact that in the con fi rmed case infection with the pan-
demic variant was diagnosed. This examples show the lack of knowledge on the nature of in fl uenza 
viruses, even among healthcare workers. 

 Beside specimens collected from persons without any reasonable indication for laboratory testing 
for the pandemic virus, there have also been specimens collected incorrectly, e.g., those with too 
much volume of transport medium, collected too late after the onset of symptoms, stored for too long 
a time, or with attached documentation without basic information on the patient and/or physician who 
ordered the testing. Speci fi c data on such issues were not presented in the present article. However, 
these weaknesses also resulted in unnecessary costs, waste of valuable time, and overload of health 
care units and the staff of the NIC. It is unjusti fi ed that after the end of the pandemic was announced 
by WHO, i.e., since August 2010 through the epidemic season 2010/2011, physicians kept on sending 
specimens to the NIC asking to perform diagnostics only for the pandemic virus A(H1N1)2009. They 
excluded from the diagnostics the in fl uenza virus B and other respiratory viruses causing in fl uenza-
like illnesses such as respiratory syncytial virus, parain fl uenza viruses, human metapneumovirus, 
coronaviruses, adenoviruses, or rhinoviruses which all can be detected in one PCR reaction by using 
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multiplex commercially available kits, e.g., Labopass™ RV detection kit (Cosmo), ResPlex II Plus 
Panel RUO (Qiagen), Seeplex RV12 ACE Detection kit (Seegene), or Seeplex RV15 OneStep ACE 
Detection kit (Seegene) (Brunstein et al.  2008 ; Do et al.  2011 ; Kim et al.  2009 ; Lee et al.  2010 ; Roh 
et al.  2008 ; Yoo et al.  2007  ) . 

 There are some limitations of this study. The problem was that speci fi c clinical and epidemiologi-
cal information was not provided by physicians for all the swabbed patients. Nevertheless, available 
data presented in this study show that the picture of the infections caused by the pandemic A(H1N1)2009 
in fl uenza virus in Poland was similar to that in other countries and point to a few key elements that 
have to be improved before the outbreak of the next in fl uenza pandemic. These elements are the need 
for rapid and effective communication between different pandemic players, effective access to timely, 
concise, and legible information and the recommendations to increase the seasonal in fl uenza vaccina-
tion rates.      

   Con fl icts of interest     :   The authors declare no con fl icts of interest in relation to this article.  
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  Abstract   Chronic renal failure and dialysis belong to contraindications to vaccination with live 
vaccines. The objective of this study was to evaluate the humoral response to in fl uenza vaccination 
consisting of the formation of antibodies against hemagglutinin and neuraminidase in patients 
undergoing chronic hemodialysis due to chronic renal failure. The study included 173 patients treated 
at a dialysis station in the Silesian region in Poland. The patients were assigned to the following 
groups: Group A-71 hemodialysis patients, mean age 65.4 ± 14.5 years; mean time of dialysis therapy 
38.9 ± 31.7 months, vaccinated against in fl uenza; Group B-39 hemodialysis patients, mean age 
64.0 ± 13.5 years; mean time of dialysis therapy 45.0 ± 45.2 months, not vaccinated against in fl uenza; 
and Group C-63 healthy patients, mean age 44.1 ± 21.2 years, vaccinated against in fl uenza – control 
group. The vaccinated patients (Groups A & C) received a single dose of Agrippal in fl uenza vaccine 
(Novartis) containing hemagglutinin from three strains of the in fl uenza virus: A/Brisbane/59/2007 
(H1N1), A/Brisbane/10/2007 (H3N2), and B/Brisbane/60/2008. The serological response to vaccina-
tion was assessed from antihemagglutinin (anti-HA) and antineuraminidase antibody assays (anti-NA). 
We found that the protection level of antibodies (protection rate) against H1 was only 40% among the 
vaccinated hemodialysis patients, as opposed to 65% in controls. The level of anti-H3 antibodies was 
similar in both groups of vaccines; 68% in dialysis patients and 75% in controls. The level of anti-HB 
antibodies was higher in the dialysis patient than in controls; 70%  vs.  38%, respectively. The response 
rate to H1 antigen a month after vaccination was almost twice lower in the hemodialysis patients than 
in healthy controls vaccinated against in fl uenza; 37%  vs.  65%, respectively. We conclude that there is 
a rather insuf fi cient serological response in the group of hemodialysis patients vaccinated with a 
single dose of in fl uenza vaccine.  

  Keywords   Chronic kidney disease  •  Hemagglutinin  •  Hemodialysis  •  In fl uenza vaccine • Neuraminidase    
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    35.1   Introduction 

 Chronic kidney disease is a challenge for medicine. It is estimated that the prevalence of chronic 
kidney disease is 11% in the general population, which means that the problem may affect more than 
four million people in Poland. The number of dialyzed patients increased from 497 in 1981 to 13,513 
in 2004 in Poland, representing about a 27-fold increase. Any infection, including in fl uenza, can 
cause exacerbation of the disease – or even death. Hence the emphasis should be placed on appropriate 
treatment, especially on the prevention of infections such as in fl uenza. Progression of chronic renal 
failure and production of uremic toxins impair humoral and cellular immunity, aggravated by the 
process of hemodialysis which predisposes these patients to the occurrence of generalized, severe 
bacterial or viral infections. Chronic renal failure and dialysis belong to contraindications to vaccina-
tion with live vaccines. However, administration of an inactivated split or subunit vaccine against 
in fl uenza is effective and safe for that group of patients, although publications on in fl uenza vaccina-
tion in this adult patient group are sparse (Jordan et al.  1973 ; Nikoskelainen et al.  1982 ; Gilbertson 
et al.  2003 ; Janus et al.  2008  ) . 

 The objective of this study was to evaluate the humoral response to in fl uenza vaccination con-
sisting of antibody production against hemagglutinin and neuraminidase in patients undergoing 
chronic hemodialysis due to chronic renal failure.  

    35.2   Methods 

 The study was approved by the Bioethics Committee of the Medical Academy of Wroclaw, Poland. 
All patients enrolled into the study provided written informed consent. The study was conducted in 
the epidemic season 2009/2010. 

 The study included 173 patients treated in the Dialysis Station in the cities of Opole and Nysa and 
in the Primary Health Care Clinic in the city of Wroclaw, Poland. The patients were assigned to the 
following study groups:

   Group A: 71 hemodialyzed patients (48 men, 23 women), mean age 65.4 ± 14.5 years; mean time  –
of dialysis therapy 38.9 ± 31.7 months – these patients were vaccinated against in fl uenza;  
  Group B: 39 hemodialyzed patients (22 men, 17 women), mean age 64.0 ± 13.5 years; mean time  –
of dialysis therapy 45.0 ± 45.2 months – these patients did not agree to be vaccinated against 
in fl uenza and constituted a comparison group for Group A;  
  Group C: 63 healthy patients (22 men, 41 women), mean age 44.1 ± 21.2 years; these patients were  –
vaccinated against in fl uenza and constituted a control group.    

 The vaccinated patients (Groups A & C) received a single dose of Agrippal in fl uenza vaccine 
(Novartis, UK) which is a subunit vaccine type containing the viral surface glycoproteins – hemagglu-
tinin and neuraminidase. One dose of vaccine contained 15  m g of hemagglutinin from three 
different strains of in fl uenza virus: A/Brisbane/59/2007 (H1N1), A/Brisbane/10/2007 (H3N2), and B/
Brisbane/60/2008 in a volume of 0.5 ml. The vaccine was administered into the deltoid muscle. The 
patients were instructed to report any symptoms of infection of the respiratory tract occurring with high 
fever in order to diagnose in fl uenza in the epidemic season of 2009/2010 ending as of March 2010. 

 Ten milliliters of blood for clot were taken twice from each vaccinated patient: before the vaccina-
tion and 1 month afterward. Blood samples also were drawn from the non-vaccinated patients at the 
same time interval to obtain sera for immunological studies. Pending the collection of all samples, the 
sera were stored frozen at −70°C. 

 To obtain serological responses to the vaccination, antihemagglutinin (anti-HA) and antineuramin-
idase assays (anti-NA) were performed. The level of anti-HA antibodies was determined using the 
hemagglutination inhibition tests (HAIT). After the removal of non-speci fi c hemagglutination 
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inhibitors, appropriate assays were performed. Anti-HA antibody titre for a speci fi c virus strain was 
assumed to be the highest serum dilution in which agglutination of blood cells was inhibited. 

 Humoral responses to hemagglutinin (H1, H3, and HB) were assessed based on the following 
parameters:

   geometric mean of antibody titres (GMT) before and after vaccination against in fl uenza   –
  mean increase in antibody titres (mean  fl uorescence intensity, MFI) before and after vaccination  –
against in fl uenza  
  protective rate – expressed in the percentage of people with antibody assays   – ³ 1:40 before and after 
vaccination against in fl uenza  
  response rate – expressed in the percentage of people who had at least fourfold increase in antibody  –
titres after vaccination    

 The level of anti-NA antibodies was determined using the neuraminidase activity inhibition test 
(NI). In accordance with the procedure, the titre of antibodies against neuraminidase (subtypes N1, 
N2 and NB) was considered to be a dilution of serum that resulted in 50% inhibition of neuraminidase 
activity. Humoral responses to neuraminidase (N1, N2, and NB) were assessed based on the following 
parameters:

   geometric mean of antibody titres (GMT) before and after vaccination against in fl uenza   –
  mean increase in antibody titres (mean  fl uorescence intensity, MFI) after vaccination against  –
in fl uenza.     

    35.3   Results 

 The results of humoral responses to in fl uenza vaccination in the groups studied are shown in 
Tables  35.1  and  35.2 . Antihemagglutinin antibody titers were signi fi cantly higher 1 month after 
vaccination in the vaccinated hemodialyzed patients and healthy controls, Groups A & C. The 
geometric mean titer (GMT) increased from 1.75 to 13.74 for antigen H1, from 4.09 to 53.46 for 
antigen H3, and from 2.83 to 39.25 for antigen HB in Group A. The increases of GMT in Group C 

   Table 35.1    Antihemagglutinin antibodies H1, H3, and HB in response to in fl uenza vaccination in hemodialyzed patients 
in the epidemic season of 2009/2010   

 Antigen  Group 

 Geometric mean 
antibody titres (GMT) 

 Mean increase 
in antibody 
levels (MFI)  Protective level (%) 

 Response 
rate (%) 

 Before 
vaccination 

 1 month after 
vaccination 

 1 month after 
vaccination 

 Before 
vaccination 

 1 month after 
vaccination 

 1 month after 
vaccination 

 A/Brisbane/59/2007 
(H1N1) 

 A  1.75  13.74  7.86  1.41  39.44  36.62 
 B  1.43  1.63  1.15  4.23  4.23  0.00 
 C  1.95  38.01  19.47  0.00  64.79  64.79 

 A/Brisbane/10/2007 
(H3N2) 

 A  4.09  53.46  13.07  14.08  67.61  66.20 
 B  2.16  2.68  1.24  4.23  7.04  2.82 
 C  4.75  61.89  13.04  0.00  74.65  70.42 

 B/Brisbane/60/2008  A  2.83  39.25  13.85  7.04  70.42  67.61 
 B  1.66  1.56  0.94  0.00  2.82  0.00 
 C  2.88  30.05  10.45  0.00  38.03  38.03 

  Antibody titre was the highest serum dilution in which agglutination of blood cells was inhibited 
 A – hemodialyzed patients, vaccinated (n = 71) 
 B – hemodialyzed patients, non-vaccinated (n = 39) 
 C – healthy group, vaccinated (n = 63)  
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were from 1.95 to 38.01 for H1, from 4.75 to 61.89 for H3, and from 2.88 to 30.05 for HB. The mean 
 fl uorescence intensity (MFI) of anti-HA antibody levels after vaccination amounted to 7.86 for 
antigen H1, 13.07 for antigen H3, and 13.85 for antigen HB in Group A. In Group C, MFI amounted 
to 19.47 for H1, 13.04 for H£, and 10.45 for HB. In group B (not vaccinated), MFI amounted to 1.15 
for H1, 1.24 for H3, and 0.94 for HB. The protection rate (the post-vaccination percentage of patients 
with protective anti-HA antibody titers 40) increased from 1.41% to 39.44% for antigen H1, from 
14.08% to 67.61% for antigen H3, and from 7.04% to 70.42% for antigen HB in Group A. The protec-
tion rate in group C increased from 0% to 64.79% for antigen H1, 75.65 for antigen H3, and 38.03% 
for antigen HB in group C. In Group B, the protection rate did not increase signi fi cantly. The response 
rate, i.e., a percentage of patients with at least a four-fold increase of anti-HA antibody titers after 
vaccination, amounted to 36.62% for antigen H1, 64.79% for antigen H3, and 67.61% for antigen HB 
in Group A. The response rate in Group C after vaccination amounted to 64.79% for antigen H1, 
70.42% for antigen H3, and 38.03% for antigen HB. In Group B, the response rate amounted to 0 for 
H1, 2.82 for H3, and 0 for HB.   

 Antineuraminidase antibody titers were signi fi cantly higher after vaccination than before it in 
Groups A & C. The GMT increased from 4.58 to 55.75 for antigen N1, from 11.03 to 51.06 for 
antigen N3, and from 10.10 to 47.68 for antigen NB in Group A. The increases in GMT were from 
1.95 to 38.01 for N1, from 4.75 to 61.89 for N3, and from 2.88 to 30.05 NB in Group C. In Group B 
(not vaccinated), GMT changed from 1.49 to 2.76 for N1, from 1.48 to 3.06 for N3, and from 1.34 to 
2.21 for NB. The MFI of anti-NA antibody levels after vaccination amounted to 12.17 for antigen N1, 
4.63 for antigen N3, and 4.72 for antigen NB in Group A. It amounted to 19.47 for N1, 13.04 for N3, 
and 10.45 for NB in Group C. In Group B (not vaccinated), MFI amounted to 1.86 for N1, 2.07 for 
N3, and 1.64 for NB.  

    35.4   Discussion 

 Previous reports on in fl uenza vaccination in groups at high risk and serious complications from 
in fl uenza, including patients with a history of leukemia during maintenance chemotherapy or at 
different times after its completion, after splenectomy, in patients with hemophilia, HIV-infected 

   Table 35.2    Antineuraminidase antibodies N1, N2, and NB in response to in fl uenza vaccination in hemodialyzed 
patients in the epidemic season of 2009/2010   

 Antigen  Group 

 Geometric mean antibody 
titres (GMT) 

 Mean increase 
in antibody levels (MFI) 

 Before 
vaccination 

 1 month after 
vaccination 

 1 month after 
vaccination 

 A/Brisbane/59/2007 
(H1N1) 

 A  4.58  55.75  12.17 
 B  1.49  2.76  1.86 
 C  1.95  38.01  19.47 

 A/Brisbane/10/2007 
(H3N2) 

 A  11.03  51.06  4.63 
 B  1.48  3.06  2.07 
 C  4.75  61.89  13.04 

 B/Brisbane/60/2008  A  10.10  47.68  4.72 
 B  1.34  2.21  1.64 
 C  2.88  30.05  10.45 

  Antibody titre was a dilution of serum that resulted in 50% inhibition of neuraminidase activity 
 A – hemodialyzed patients, vaccinated (n = 71) 
 B – hemodialyzed patients, non-vaccinated (n = 39) 
 C – healthy group, vaccinated (n = 63)  
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patients, children with bronchopulmonary dysplasia, patients with breast cancer, lymphoma or 
Wegener’s disease are encouraging (Brydak and Machala  2000 ; Brydak et al.  2000,   2001 ; Wyzgal 
et al.  2002  ) . These patients produced protective levels of antibodies and the vaccine turned out to be 
safe for them. At the same time, these reports con fi rm the validity of in fl uenza vaccination in patients 
in higher risk groups, which is clearly stressed by the Advisory Committee on Immunization Practices, 
WHO, and other international scienti fi c medical associations (ACIP  2001  ) . 

 Among patients with chronic diseases, the recommendations for in fl uenza vaccination should 
notably concern asthma, COPD, coronary disease, diabetes, and chronic kidney disease. Patients with 
chronic renal failure, particularly during dialysis therapy, are at high risk of exposures to infective 
agents and a severe course of infection, both viral and bacterial. Hence, the importance of prevention 
of infection through immunization vaccinations is stressed. Vaccination against in fl uenza of these 
patients cannot be underestimated, as the course and complications of the disease may be fatal. 
However, it is well known that the immune response, both humoral and cellular, in such patients is 
impaired and in many cases the question arises of whether the vaccine will suf fi ciently produce 
protective antibody titres (Cappel et al.  1983  ) . The reports are scanty and their results are divergent, 
which does not allow a comprehensive assessment of the issue. Patients with chronic renal failure 
treated conservatively, dialysis patients (hemodialysis, peritoneal dialysis), and patients after kid-
ney transplantation have been studied. The studies however were conducted in small patient groups 
and not always included a complete evaluation of the humoral response in terms of antibodies 
against neuraminidase and hemagglutinins. Cavdar et al.  (  2003  )  have compared the humoral response 
(only H3N2) after in fl uenza vaccination in 23 hemodialysis patients with 26 patients with cardiac 
disease and normal renal function and found the response was comparable in both treatment groups. 
Antonen et al.  (  2000  )  have compared hemodialysis (n = 42), peritoneal dialysis patients (n = 15), and 
those with chronic renal failure treated conservatively (n = 20) with cardiac patients with normal renal 
function (n = 31). The authors demonstrate a weaker humoral response in hemodialysis patients and 
the ones treated conservatively compared with the other groups. Beyer et al.  (  1988  )  have shown 
signi fi cant differences in the levels of antibodies produced against H1N1 antigens (low titres) and H3N2 
(high titres) in patients on hemodialysis. 

 The main protective effect of in fl uenza vaccination is related to antibody response to HI antigen 
of the virus. Protection studies have shown that anti-hemagglutinin antibody titres  ³ 40 can be 
considered as the safety threshold beyond which a serious in fl uenza infection is rather unlikely. 
According to the statement of the Committee for Proprietary Medicinal Products and the Commission 
of the European Community, after in fl uenza vaccination the protection rate (protective level of 
antibodies) should amount to at least 70% of the vaccinees and the response rate should be at least 
40% of the vaccinees. 

 In our study, the protection rate against H1 was only 40% among the vaccinated hemodialysis 
patients, as opposed to 65% in the control group of healthy subjects. The level of antibodies against 
H3 antigen was similar in these two groups of subjects (68% of patients on dialysis and 75% of 
healthy patients) and that against HB antigen was higher in the dialysis group; 70%  vs.  38% in 
healthy subjects. The response rate to H1 antigen at 1 month after vaccination was almost twice 
lower in the hemodialysis group than that in healthy subjects vaccinated against in fl uenza; 37%  vs.  
65%, respectively.  

    35.5   Conclusion 

 The study demonstrates a rather insuf fi cient serological response in the group of hemodialysis patients 
vaccinated with a single dose of in fl uenza vaccine.      
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  Abstract   Clinicians often do not consider the presence of more than one viral etiologic agent in 
respiratory infection, and in many cases they order diagnostics for in fl uenza viruses or recently even 
only for A(H1N1)2009 virus. However, in a substantial number of patients with a respiratory tract 
disease, co-infection with various viral pathogens has been con fi rmed. Although the association 
between the occurrence of co-infection and substantially higher severity of disease is still unclear, 
a rapid and proper diagnostics of wide spectrum of viral respiratory pathogens reveals an accurate 
picture of the disease and is essential for appropriate therapeutic management and control of 
infection. In the present study we reported  fi ve cases of multiple respiratory infection in hospitalized 
immunosuppressed patients: two double infections with in fl uenza virus (IV) type A/respiratory syn-
cytial virus (RSV) type A and IV type A/coronavirus (CoV) OC43, one infection with four viruses – 
IV type A/RSV type A and B/CoV OC43, and two cases of mixed infections caused by  fi ve viral 
agents – IV type A and B/RSV type A and B/ parain fl uenza type 3 or CoV OC43. Each patient had 
an underlying chronic disease and received immunosuppressive treatment. Despite a low number of 
tested specimens, our study shows that the inclusions of multiplex PCR methods for diagnostics 
of respiratory tract infections and the extension of diagnostic strategies by clinicians to detect viruses 
other than in fl uenza are very important and make a contribution to identifying the true rate of 
co-infections and their correlation with the clinical symptoms and severity of disease.  

  Keywords   Infection  •  In fl uenza  •  Diagnostics  •  Multiplex PCR  •  Respiratory viruses  
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   Abbreviations 

  AdV    adenovirus   
  ALRI    acute low respiratory tract infection   
  ARI    acute respiratory tract infection   
  CDC    Centers for Disease Control and Prevention   
  CMV    cytomegalovirus   
  C. pneumo     Chlamydia pneumoniae    
  CTX    cyclophosphamide   
  CVEV    coxsackie virus/echovirus family   
  EV    enteroviruses   
  hBoV    human bocavirus   
  hCoV    human coronavirus   
  hMPV    human metapneumovirus   
  hRV    human rhinovirus   
  IV    in fl uenza virus   
  IV-A    in fl uenza virus type A   
  IV-B    in fl uenza virus type B   
  IV-C    in fl uenza virus type C   
  M. pneumo     Mycoplasma pneumoniae    
  PCR    polymerase chain reaction   
  PIV    parain fl uenza virus   
  PIV-1    parain fl uenza virus type 1   
  PIV-2    parain fl uenza virus type 2   
  PIV-3    parain fl uenza virus type 3   
  PIV-4    parain fl uenza virus type 4   
  RSV    respiratory syncytial virus   
  RSV-A    respiratory syncytial virus type A   
  RSV-B    respiratory syncytial virus type B   
  RT-PCR    reverse transcription-polymerase chain reaction       

    36.1   Introduction 

 Human respiratory tract infections represent a major public health problem because they are associated 
with a high rate of hospitalization, signi fi cant morbidity, and mortality. They thus cause a considerable 
 fi nancial burden on the health-care system throughout the world. The elderly and immunocompro-
mised subjects with medical conditions are especially at high risk of developing severe course of 
infection and various complications. The most common respiratory viruses are in fl uenza virus type A 
(IV-A) and B (IV-B), respiratory syncytial virus type A (RSV-A) and B (RSV-B), parain fl uenza virus 
type 1, 2 and 3 (PIV-1, -2, -3), human rhinoviruses (hRV), human metapneumoviruses (hMPV), ade-
noviruses (AdV), human coronaviruses (hCoV), human bocavirus (hBoV) and enteroviruses (EV) 
(Do et al.  2011  ) . 

 Infectious respiratory diseases caused by different viruses are characterized by a wide range of 
similar respiratory symptoms from mild cold to severe pneumonia. This makes the clinical distinction 
between different agents involved in infection very dif fi cult. Although the high rates of infection with 
more than one respiratory virus have been reported, especially in children (Table  36.3 ), the real num-
ber of co-infections is undoubtedly underestimated, mainly due to sensitivity of diagnostic methods 



29336 Co-Infections with In fl uenza and Other Respiratory Viruses

used and limited number of tested viruses. In majority of cases the most likely or casual viral agents 
are tested  fi rst and the diagnostics stops with a detection of the primary relevant infectious agent. 
Meanwhile rapid, reliable, and accurate identi fi cation of every viral pathogen involved in infection is 
crucial for patient management, surveillance, and control of infection, including the prevention of 
nosocomial transmission. 

 Widespread use of PCR-based methods and their excellent sensitivity and speci fi city contributed 
to a great improvement of diagnostics of respiratory infections. While single PCR assay enables a 
detection of only one target, the multiplex molecular methods provide a simultaneous detection of 
multiple viruses in the single reaction and thus give a more accurate diagnosis of causative pathogens 
and provide a better understanding of the etiology of infection. The main advantages of using multi-
plex reactions are time saving and reducing the use of reagents and specimens, and consequently the 
cost of analysis. The Seeplex RV Detection Kit (Seegene Inc., Korea), used in our study, is a qualita-
tive multiplex assay that detects 12 respiratory viruses including 11 types of RNA and one type of 
DNA virus: IV-A, IV-B, RSV-A, RSV-B, PIV-1, PIV-2, PIV-3, hRV, hMPV, Adv, hCoV OC43 and 
combined hCoV 229E/NL63. The assay uses dual priming oligonucleotide (DPO TM ) technology, 
which prevents non-speci fi c ampli fi cation (it generates consistently high speci fi city by blocking the 
extension of non-speci fi cally primed templates). The primers were designed for highly conserved 
regions in viral genome. 

 In the epidemic season 2010/2011, the National In fl uenza Centre in Poland received 140 speci-
mens (paid diagnostics) from hospitalized patients with respiratory tract infection, including 49 speci-
mens from severe cases (i.e., patients from intensive care units, with pneumonia, respiratory failure, 
immunocompromised patients). In the majority of these specimens, hospitals required only detection 
of in fl uenza viruses (IV-A and IV-B (n = 29) or IV-A and subtype A(H1N1)2009 (n = 93)). Testing of 
specimens not only for in fl uenza, but also other respiratory viruses was commissioned only for 18 
patients. In these cases the multiplex Seeplex TM  RV12 ACE Detection Kit was used to detect 12 respi-
ratory viruses. In our paper, we present  fi ve cases of multiple infections caused by various respiratory 
viruses in immunocompromised patients.  

    36.2   Methods 

 All respiratory specimens (nasopharyngeal swabs) were suspended in 500  m l of physiological saline 
solution (within several hours after samples collection). Viral nucleic acid was extracted from 140  m l 
of sample using the QIAamp Viral RNA Mini Kit (Qiagen, Germany), according to the manufacturer’s 
instructions. The elution was performed with 60  m l of elution buffer. cDNA was synthesized by using 
First Strand cDNA Synthesis Kit with random hexamer primers (Fermentas, Lithuania). Reverse tran-
scription reactions were performed in a  fi nal volume of 20  m l with 1  m l of random hexamers, 5  m l of 
water, 5  m l of total nucleic acids extracted from clinical specimen, 4  m l of 5× RT Buffer, 2  m l of dNTP 
Mix (10 mM each), 1  m l of RiboLock TM  RNase Inhibitor and 2  m l of M-MuLV Reverse Transcriptase. 
After incubation for 5 min at 25°C, reverse transcription reactions were carried out for 60 min at 
45°C, followed by inactivation of reverse transcriptase for 5 min at 70°C. 

 The next step was multiplex reaction with using the Seeplex TM  RV12 ACE Detection Kit (Seegene, 
Inc., Korea) containing A and B sets of primer. Both panels were performed in 20  m l reaction vol-
umes in accordance with the supplied protocols. The internal ampli fi cation control for detection of 
inhibitor of PCR, positive control (a mixture of 12 pathogens and internal control clones from the 
manufacturer as a template) and negative control (sterilized water instead of a template) were included 
in each reaction. After ampli fi cation, the obtained PCR products were analyzed by electrophoresis in 
2% agarose gel stained with GelRed TM  10,000× solution. The respiratory viruses were identi fi ed by 
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comparison of amplicons with bands included in the positive control and molecular size marker for 
set A or B provided by the manufacturer and consisting of seven bands with the same length as PCR 
products for internal control and six appropriate viruses. 

 The results positive for in fl uenza type B were con fi rmed by further analysis by one-step real-time 
RT-PCR assay according to CDC rRT-PCR Protocol (version 2007) and those positive for in fl uenza 
A were tested by RealTime ready In fl uenza A/H1N1 Detection Set (Roche Diagnostics, Switzerland) 
with using primer set only for detection of type A (M2). Specimens with laboratory results indicative 
RSV- A or/and RSV-B were con fi rmed by one-step RT-PCR using Transcriptor One-Step RT-PCR Kit 
(Roche Diagnostics, Switzerland) and primers: 5’ – TGTTATAGGCATATCATTGA – 3’ and 5’ – 
TTAACCAGCAAAGTGTTAGA – 3’ described by Gröndahl et al.  (  1999  ) . Ampli fi cation was carried 
out in a 25  m l reaction volume, including 5  m l of 5 × Transcriptor buffer, 0.4  m M of each primer, 0.5  m l 
of enzyme, 5  m l of extracted template and water to a  fi nal volume. Cycling reaction was performed in 
a Veriti™ 96-Well Thermal Cycler (Applied Biosystems Inc., USA) as follows: a single cycle of 
reverse transcription for 30 min. at 50°C and reverse transcriptase inactivation and initial denaturation 
for 7 min at 94°C, than 45 cycles of denaturation at 94°C for 10 s, annealing at 55°C for 30 s and 
extension at 68°C for 55 s. After the last cycle, the reaction was completed by a  fi nal extension at 
68°C for 7 min. Ampli fi cation products (20  m l) were separated in 1.5% agarose gel stained with 
GelRed TM  10,000× solution in 1 × TAE buffer. GeneRuler TM  100 bp DNA Ladders was used for esti-
mating the molecular size weight of the obtained bands (Fermentas, Lithuania). Clinical specimens, 
isolated nucleic acids, and cDNA were stored at −70°C.  

    36.3   Results 

 Ten out of the 18 respiratory specimens were positive for at least one respiratory virus. Single infec-
tions were found in  fi ve cases and were caused by IV-A (three cases) and RSV-B (two cases). 
Co-infections (infections with two or more viruses) were found in  fi ve patients: double infections 
were identi fi ed in two cases, one patient was co-infected with four different viral pathogens, and in 
other two patients multiple infections caused by  fi ve viral agents was detected. Table  36.1  shows the 
pathogens involved in multiple infections.  

 Four co-infected patients (P1, P2, P3, and P4) were hospitalized in the same hospital and 
Department. The swabs were collected on the 4th of March 2011 (from patients P1 and P2) and the 
11th of March 2011 (from patients P3 and P4). Patient 5 was hospitalized in another hospital and the 
swab was collected on the 3rd of February 2011. All  fi ve patients were immunosuppressed, including 
one child (4-year-old boy) and have different underlying chronic diseases (Table  36.2 ). Only two 
patients (P1 and P3 with co-infections caused by IV-A, IV-B and three other viruses) developed symp-
toms of acute respiratory infection with signs of bronchial obturation and they required longer antivi-
ral therapy. One of them (P1) was mechanically ventilated for 3 days. The condition of the remaining 
patients was medium or good. Three patients received oseltamivir, one oseltamivir and then zanami-
vir, one patient received antibiotics and no antiviral drugs. The condition of two patients after therapy 
was medium, although one of them received oseltamivir. In this patient mixed infection with  fi ve viral 
agents: IV-A, IV-B, RSV-A, RSV-B, and PIV-3 were con fi rmed.  

 Monoplex PCR with different primer sets for detection of IV-A, IV-B and RSV-A/B (without 
identi fi cation of subtype) showed the results consistent with multiplex Seeplex PCR. In case of Patient 
2, a second specimen (bronchoalveolar lavage) was collected on the 23rd of March 2011 and the result 
was positive for RSV-B and negative for the other pathogens, including IV-A and RSV-A, which were 
detected in the previous specimen.  
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   Table 36.1    Type of detected co-infection   

 Virus detected 

  2 viral agents:  
 1.  In fl uenza type A  Patient 2 (P2) 

 Respiratory syncytial virus type A 
 2.  In fl uenza type A  Patient 5 (P5) 

 Coronavirus OC43 

  4 viral agents:  
 1.  In fl uenza type A  Patient 4 (P4) 

 Respiratory syncytial virus type A 
 Respiratory syncytial virus type B 
 Coronavirus OC43 

  5 viral agents:  
 1.  In fl uenza type A  Patient 1 (P1) 

 In fl uenza type B 
 Respiratory syncytial virus type A 
 Respiratory syncytial virus type B 
 Parain fl uenza type 3 

 2.  In fl uenza type A  Patient 3 (P3) 
 In fl uenza type B 
 Respiratory syncytial virus type A 
 Respiratory syncytial virus type B 
 Coronavirus OC43 

    36.4   Discussion 

 Conventional methods of diagnostics of viral respiratory infections base mainly on virus isolation by 
cell culture, antigen detection, and serological assays. Cell culture has been considered as the gold 
standard for virus diagnosis but is not adapted to all medically important respiratory viruses. In con-
trast to this method, PCR permits rapid detection of viruses that are dif fi cult to culture or have not 
been well replicated  in vitro , such as hMPV, hCoV NL63 and hRV, with excellent sensitivity and 
specify (Calvo et al.  2008  ) . Additionally, viruses present in specimens may considerably differ with 
viral loads and rate of replication, and this would make the detection of slowly replicating pathogens 
dif fi cult. Therefore, numerous studies have been developed over recent years to evaluate the PCR-
based methods for detection and typing/subtyping of respiratory viruses (Templeton et al.  2004 ; 
Bellau-Pujol et al.  2005 ; Gunson et al.  2005 ; Wu et al.  2008  ) . When a viral infection is taken into 
consideration, because of very similar and nonspeci fi c clinical symptoms caused by various respira-
tory viruses, the list of possible etiologic agents is very long. In contrast to monoplex PCR reaction, 
the use of multiplex PCR allows detecting various respiratory pathogens in a single reaction, includ-
ing the identi fi cation of the type and the detection of co-infections with multiple agents, which could 
be missed by the monoplex reaction. The introduction of multiplex PCR to routine diagnostics 
revealed a higher prevalence of co-infections than has previously been reported by conventional tech-
niques (Freymuth et al.  1997  ) . A review of the literature indicates that the rate of co-infections may 
range from approximately 15 to as high as 50% of all positive specimens (Table  36.3 ). The majority 
of papers presenting the results of molecular assays for simultaneous detection of respiratory viruses 
and mixed infections focus on pediatric patients, infants, and young children in whom viral shedding 
in the respiratory tract is usually much higher. In these patients, the respiratory syncytial viruses were 
the most common pathogen occurred in respiratory viral co-infection, the next most often identi fi ed 
viruses in mixed infection were hRV, PIV, hMPV, and others. There also are observed co-infections 
with different subtypes of in fl uenza A virus (Pajak et al.  2011  ) .  



296 I. Stefanska et al.

   Ta
bl

e 
36

.2
  

  C
ha

ra
ct

er
is

tic
s 

of
 p

at
ie

nt
s 

w
ith

 d
ia

gn
os

ed
 c

o-
in

fe
ct

io
ns

   

 Pa
tie

nt
 1

 
 Pa

tie
nt

 2
 

 Pa
tie

nt
 3

 
 Pa

tie
nt

 4
 

 Pa
tie

nt
 5

 

 A
ge

/s
ex

 
 58

/f
em

al
e 

 33
/f

em
al

e 
 70

/f
em

al
e 

 40
/m

al
e 

 4/
m

al
e 

 M
ed

ic
al

 c
on

di
tio

ns
 

 W
eg

en
er

’s
 g

ra
nu

lo
m

a 
w

ith
 

af
fe

ct
in

g 
of

 c
en

tr
al

 n
er

vo
us

 
sy

st
em

, d
ee

p 
ly

m
ph

oc
yt

op
e-

ni
a,

 a
nd

 3
 m

on
th

s 
ea

rl
ie

r 
th

e 
pu

lm
on

ar
y 

em
bo

lis
m

 

 W
eg

en
er

’s
 g

ra
nu

lo
m

a 
an

d 
Ta

ka
ya

su
 d

is
ea

se
, 

ly
m

ph
oc

yt
op

en
ia

 

 D
er

m
at

om
yo

si
tis

 w
ith

 
in

te
rs

tit
ia

l 
pu

lm
on

ar
y 

di
se

as
e 

 A
lle

rg
ic

 p
ul

m
on

ar
y 

al
ve

ol
iti

s 
 H

em
os

id
er

os
is

 

 T
he

ra
py

 
 Im

m
un

os
up

pr
es

si
ve

 th
er

ap
y 

(C
T

X
) 

 Im
m

un
os

up
pr

es
si

ve
 th

er
ap

y 
(C

T
X

, p
re

dn
is

on
e)

 
 G

lu
co

co
rt

ic
oi

d 
th

er
ap

y 
 G

lu
co

co
rt

ic
oi

d 
th

er
ap

y 
 Im

m
un

os
up

pr
es

si
ve

 th
er

ap
y 

(e
nc

or
to

n)
 

 Sy
m

pt
om

s 
 Se

ve
re

 c
ou

rs
e 

of
 in

fe
ct

io
ns

 w
ith

 
pn

eu
m

on
ia

, r
es

pi
ra

to
ry

 
fa

ilu
re

 a
nd

 p
an

cy
to

pe
ni

a 

 N
o 

sy
m

pt
om

s 
of

 a
cu

te
 

re
sp

ir
at

or
y 

in
fe

ct
io

n 
 Ty

pi
ca

l i
n fl

 ue
nz

a-
lik

e 
ill

ne
ss

 w
ith

 
m

al
ai

se
, f

ev
er

 a
nd

 
co

ug
h 

 N
o 

sy
m

pt
om

s 
of

 a
cu

te
 

re
sp

ir
at

or
y 

in
fe

ct
io

n 
 N

o 
sy

m
pt

om
s 

of
 a

cu
te

 
re

sp
ir

at
or

y 
in

fe
ct

io
n;

 
in

te
ns

i fi
 ed

 c
ou

gh
, 

ta
ch

yp
ne

a 
an

d 
de

cr
ea

se
 o

f 
ca

rb
on

at
io

n 
 R

ec
ei

ve
d 

an
tiv

ir
al

 
tr

ea
tm

en
t 

 O
se

lta
m

iv
ir

 (
2 

×
 7

5 
m

g)
 f

or
 

5 
da

ys
, t

ha
n 

os
el

ta
m

iv
ir

 
(2

 ×
 1

50
 m

g)
 f

or
 1

1 
da

ys
 

 O
se

lta
m

iv
ir

 (
2 

×
 7

5 
m

g)
 f

or
 

5 
da

ys
 

 O
se

lta
m

iv
ir

 
(2

 ×
 7

5 
m

g)
 f

or
 

6 
da

ys
, t

ha
n 

za
na

m
iv

ir
 

(2
 ×

 5
 m

g)
 f

or
 

6 
da

ys
 

 O
se

lta
m

iv
ir

 (
2 

×
 7

5 
m

g)
 

fo
r 

11
 d

ay
s 

 N
o 

tr
ea

tm
en

t (
on

ly
 

an
tib

io
tic

s)
 

 C
on

di
tio

n 
of

 
pa

tie
nt

s 
be

fo
re

/
af

te
r 

th
er

ap
y 

 Se
ve

re
, m

ec
ha

ni
ca

l v
en

til
at

io
n 

fo
r 

3 
da

ys
/ m

ed
iu

m
 

 G
oo

d/
go

od
 

 M
ed

iu
m

/g
oo

d 
 M

ed
iu

m
/g

oo
d 

 M
ed

iu
m

/m
ed

iu
m

 

 O
th

er
 la

bo
ra

to
ry

 
te

st
s 

an
d 

re
su

lts
 

 C
ul

tu
re

 o
f 

br
on

ch
ia

l s
ec

re
tio

n–
 A

ci
ne

to
ba

ct
er

 b
au

m
an

ii
 ; 

st
oo

l c
ul

tu
re

– 
 C

lo
st

ri
di

um
 

di
f fi

 ci
le

  

 PC
R

 p
os

iti
ve

 f
or

 C
M

V
 

(b
ro

nc
hi

al
 s

ec
re

tio
n)

; 
th

e 
cu

ltu
re

 o
f 

br
on

ch
ia

l 
se

cr
et

io
n 

– 
ne

ga
tiv

e 
re

su
lts

 

 C
ul

tu
re

 o
f 

sp
ut

um
- 

ne
ga

tiv
e 

re
su

lts
 

 C
ul

tu
re

 o
f 

br
on

ch
ia

l 
se

cr
et

io
n 

– 
ne

ga
tiv

e 
re

su
lts

 

 C
ul

tu
re

 o
f t

hr
oa

t s
w

ab
– 

ne
ga

tiv
e 

re
su

lt;
 th

e 
cu

ltu
re

 o
f 

br
on

ch
ia

l s
ec

re
tio

n–
 

 St
re

pt
oc

oc
cu

s 
pn

eu
m

on
ia

e  



   Ta
bl

e 
36

.3
  

  R
ev

ie
w

 o
f 

lit
er

at
ur

e 
re

ga
rd

in
g 

co
-i

nf
ec

tio
ns

   

 R
ef

er
en

ce
 

 Te
st

ed
 p

at
ho

ge
ns

 

 T
he

 n
um

be
r 

of
 

co
-i

nf
ec

tio
ns

 
(p

er
ce

nt
ag

e 
of

 a
ll 

po
si

tiv
e 

sp
ec

im
en

s)
 

 T
he

 n
um

be
r 

of
 p

at
ho

ge
ns

 
de

te
ct

ed
 p

er
 s

am
pl

e 
 C

o-
in

fe
ct

io
ns

 r
at

es
 b

y 
re

sp
ir

at
or

y 
vi

ra
l p

at
ho

ge
ns

 
 St

ud
y 

gr
ou

p 

 Fr
ey

m
ut

h 
et

 a
l. 

 (  1
99

7  )
  

 IV
-A

; R
SV

; P
IV

-1
, -

2;
 P

IV
-3

; 
hR

V
; A

dv
 

 50
 (

28
.2

%
) 

 D
ou

bl
e 

in
fe

ct
io

n,
  n

 =
  5

0 
 R

SV
 =

 9
0.

0%
; P

IV
-1

/2
/3

 =
 4

0.
0%

 
(P

IV
-3

 =
 3

4.
0%

);
 A

dV
 =

 2
8.

0%
; 

IV
-A

 =
 2

4.
0%

; h
R

V
 =

 1
8.

0%
 

 27
7 

ho
sp

ita
liz

ed
 in

fa
nt

s 

 B
el

la
u-

Pu
jo

l e
t a

l. 
 (  2

00
5  )

  
 IV

-A
; I

V
-B

; I
V

-C
; R

SV
; P

IV
-1

; 
PI

V
-2

; P
IV

-3
; P

IV
-4

; h
M

PV
; 

hR
V

; h
C

oV
 O

C
43

/2
29

E
 

 33
 (

20
.6

%
) 

 D
ou

bl
e 

in
fe

ct
io

n,
  n

 =
  3

0 
 hR

V
 =

 8
1.

8%
; R

SV
 =

 4
2.

4%
; 

hM
PV

 =
 3

9.
4%

; P
IV

-
1/

2/
3 

=
 2

7.
3%

 (
PI

V
-3

 =
 2

1.
2%

);
 

hC
oV

 O
C

43
, I

V
-A

/B
 =

 6
.1

%
 

 20
3 

fr
om

 h
os

pi
ta

liz
ed

 
ch

ild
re

n 
 T

hr
ee

 p
at

ho
ge

ns
,  n

 =
  3

 

 Y
oo

 e
t a

l. 
 (  2

00
7  )

  
 IV

-A
; I

V
-B

; R
SV

-A
; R

SV
-B

; 
PI

V
-1

; P
IV

-2
; P

IV
-3

; h
M

PV
; 

hR
V

; A
dV

; h
C

oV
 O

C
43

; 
hC

oV
 2

29
E

/N
L

63
 

 16
 (

14
.3

%
) 

 D
ou

bl
e 

in
fe

ct
io

n,
  n

 =
  1

5 
 R

SV
-A

/B
 =

 8
1.

3%
; P

IV
 =

 6
2.

5%
; 

hM
PV

 =
 1

8.
8%

 a   
 20

0 
ch

ild
re

n 
 £ 5

 y
ea

rs
 o

ld
 

 T
hr

ee
 p

at
ho

ge
ns

,  n
 =

  1
 

 B
ru

ns
te

in
 e

t a
l. 

 (  2
00

8  )
  

 IV
-A

; I
V

-B
; R

SV
-A

; R
SV

-B
; 

PI
V

-1
; P

IV
-2

; P
IV

-3
; P

IV
-4

; 
hM

PV
; h

R
V

; A
dV

; C
V

E
V

; 
ba

ct
er

ia
l p

at
ho

ge
ns

 b   

 47
5 

(4
0.

4%
) 

 D
ou

bl
e 

in
fe

ct
io

n,
  n

 =
  3

71
 

 N
o 

da
ta

 o
f 

th
is

 ty
pe

 a
va

ila
bl

e 
 1,

74
2 

pa
tie

nt
s 

w
ith

 A
R

I 
(8

0%
 p

ed
ia

tr
ic

 a
nd

 
20

%
 a

du
lt)

 
 T

hr
ee

 p
at

ho
ge

ns
,  n

 =
  8

9 
 Fo

ur
 p

at
ho

ge
ns

,  n
 =

  1
4 

 Fi
ve

 p
at

ho
ge

ns
,  n

 =
  1

 
 C

al
vo

 e
t a

l. 
 (  2

00
8  )

  
 IV

-A
; I

V
-B

; I
V

-C
; R

SV
; P

IV
-1

; 
PI

V
-2

; P
IV

-3
; P

IV
-4

; h
M

PV
; 

hR
V

; A
dV

; h
C

oV
 2

29
E

/
O

C
43

; E
V

 

 86
 (

17
.4

%
) 

 D
ou

bl
e 

in
fe

ct
io

n,
  n

 =
  7

0 
 R

SV
-A

/B
 =

 7
9.

1%
; A

dV
 =

 4
3.

0%
; 

hR
V

 =
 3

0.
2%

; h
M

PV
 =

 2
2.

1%
; 

IV
-A

 =
 1

8.
6%

; E
V

 =
 1

0.
5%

; 
IV

-C
, P

IV
-1

/2
/3

/4
 =

 9
.3

%
; 

hC
oV

 =
 1

.2
%

 

 74
9 

ho
sp

ita
liz

ed
 c

hi
ld

re
n 

un
de

r 
24

 m
on

th
s 

of
 a

ge
 

w
ith

 A
L

R
I 

 T
hr

ee
 p

at
ho

ge
ns

,  n
 =

  1
2 

 Fo
ur

 p
at

ho
ge

ns
,  n

 =
  4

 

 R
oh

 e
t a

l. 
 (  2

00
8  )

  
 IV

-A
; I

V
-B

; R
SV

-A
; R

SV
-B

; 
PI

V
-1

; P
IV

-2
; P

IV
-3

; h
M

PV
; 

hR
V

; A
dV

; h
C

oV
 O

C
43

; 
hC

oV
 2

29
E

/N
L

63
 

 7 
(2

1.
2%

) 
 D

ou
bl

e 
in

fe
ct

io
n,

  n
 =

  7
 

 A
dV

 =
 5

7.
1%

; I
V

-B
, h

R
V

 =
 2

8.
6%

; 
R

SV
-A

, R
SV

-B
, P

IV
-1

, P
IV

-3
, 

hC
oV

 =
 e

ac
h 

14
.3

%
 

 50
 p

at
ie

nt
s 

w
ith

 A
R

I,
 

(4
5 

ch
ild

re
n,

 5
 a

du
lts

) 

 K
im

 e
t a

l. 
 (  2

00
9  )

  
 IV

-A
; I

V
-B

; R
SV

-A
; R

SV
-B

; 
PI

V
-1

; P
IV

-2
; P

IV
-3

; h
M

PV
; 

hR
V

; A
dV

; h
C

oV
 O

C
43

; 
hC

oV
 2

29
E

/N
L

63
 

 13
 (

17
.1

%
) 

 D
ou

bl
e 

in
fe

ct
io

n,
  n

 =
  1

2 
 R

SV
-A

/B
 =

 6
9.

3%
, P

IV
-

1/
2/

3 
=

 8
4.

7%
; h

R
V

, 
A

dV
 =

 2
3.

1%
; I

V
-B

 =
 7

.7
%

 

 92
 p

at
ie

nt
s 

(8
6 

ch
ild

re
n,

 
6 

ad
ul

ts
) 

 T
hr

ee
 p

at
ho

ge
ns

,  n
 =

  1
 

 L
ee

 e
t a

l. 
 (  2

01
0  )

  
 IV

-A
; I

V
-B

; R
SV

-A
; R

SV
-B

; 
PI

V
-1

; P
IV

-2
; P

IV
-3

; h
M

PV
; 

hR
V

; A
dV

; h
C

oV
 O

C
43

; 
hC

oV
 2

29
E

/N
L

63
; h

B
oV

; 
E

V
 

 30
 (

29
.1

%
) 

 D
ou

bl
e 

in
fe

ct
io

n,
  n

 =
  2

5 
 R

SV
-A

/B
 =

 9
0.

0%
; h

M
PV

 =
 3

3.
3%

; 
hR

V
 =

 2
0%

; I
V

-A
/B

 =
 1

6.
7%

; 
PI

V
-3

 =
 1

6.
7%

; A
dV

 =
 1

6.
7%

; 
hC

oV
 2

29
E

/N
L

63
 =

 1
3.

3%
; 

hC
oV

 O
C

43
 =

 1
0.

0%
; 

PI
V

-1
 =

 3
.3

%
 

 22
0 

pe
di

at
ri

c 
pa

tie
nt

s 
w

ith
 

A
L

R
I 

 T
hr

ee
 p

at
ho

ge
ns

,  n
 =

  4
 

 Fo
ur

 p
at

ho
ge

ns
,  n

 =
  1

 

(c
on

tin
ue

d)



 R
ef

er
en

ce
 

 Te
st

ed
 p

at
ho

ge
ns

 

 T
he

 n
um

be
r 

of
 

co
-i

nf
ec

tio
ns

 
(p

er
ce

nt
ag

e 
of

 a
ll 

po
si

tiv
e 

sp
ec

im
en

s)
 

 T
he

 n
um

be
r 

of
 p

at
ho

ge
ns

 
de

te
ct

ed
 p

er
 s

am
pl

e 
 C

o-
in

fe
ct

io
ns

 r
at

es
 b

y 
re

sp
ir

at
or

y 
vi

ra
l p

at
ho

ge
ns

 
 St

ud
y 

gr
ou

p 

 M
ee

rh
of

f 
et

 a
l. 

 (  2
01

0  )
  

 IV
-A

; I
V

-B
; R

SV
-A

; R
SV

-B
; 

PI
V

-1
, P

IV
-2

; P
IV

-3
; P

IV
-4

; 
hM

PV
; h

R
V

; A
dV

; h
C

oV
; 

B
oV

;  M
. p

ne
um

o;
 C

. 
pn

eu
m

o  

 45
 (

47
.9

%
) 

 D
ou

bl
e 

in
fe

ct
io

n,
  n

 =
  2

5 
 B

oV
 =

 9
1%

; R
SV

 =
 7

2%
; 

hC
oV

 =
 7

1%
; h

M
PV

 =
 6

0%
; 

hR
V

 =
 5

7%
 a   

 98
 in

fa
nt

s 
 T

hr
ee

 p
at

ho
ge

ns
,  n

 =
  1

7 
 Fo

ur
 p

at
ho

ge
ns

,  n
 =

  2
 

 Fi
ve

 p
at

ho
ge

ns
,  n

 =
  1

 

 R
ic

ha
rd

 e
t a

l. 
 (  2

00
8  )

  
 IV

-A
/B

; R
SV

-A
/B

; P
IV

-1
/2

/3
/4

; 
hC

oV
 N

L
63

; h
R

V
; E

V
 

 44
 (

25
.4

%
) 

 D
ou

bl
e 

in
fe

ct
io

n,
  n

 =
  4

4 
 R

SV
-A

/B
 =

 8
1.

8%
; h

R
V

 =
 5

0.
0%

; 
hM

PV
 =

 1
8.

2%
; E

V
 =

 1
3.

6%
; 

IV
-A

/B
, h

C
oV

 N
L

63
 =

 1
1.

4%
 

 18
0 

ho
sp

ita
liz

ed
 in

fa
nt

s 
w

ith
 b

ro
nc

hi
ol

iti
s 

 N
as

ci
m

en
to

 e
t a

l. 
 (  2

01
0  )

  
 IV

-A
; I

V
-B

; R
SV

; P
IV

-1
; P

IV
-2

; 
PI

V
-3

; h
M

PV
; h

R
V

; A
dV

; 
hC

oV
 N

L
63

/H
K

U
1;

 h
B

oV
; 

E
V

 

 34
 (

47
.2

%
) 

 D
ou

bl
e 

in
fe

ct
io

n,
  n

 =
  2

2 
 R

SV
 =

 6
7.

6%
; h

R
V

 =
 6

1.
8%

; 
E

V
 =

 4
4.

1%
; h

M
PV

, 
B

oV
 =

 2
3.

5%
; P

IV
-3

 =
 1

7.
6%

; 
hC

oV
 =

 5
.1

%
; I

V
-A

, 
PI

V
-1

 =
 2

.9
%

 

 77
 in

fa
nt

s 
w

ith
 a

cu
te

 
br

on
ch

io
lit

is
 

 T
hr

ee
 p

at
ho

ge
ns

,  n
 =

  8
 

 Fo
ur

 p
at

ho
ge

ns
,  n

 =
  4

 

 D
o 

et
 a

l. 
 (  2

01
1  )

  
 IV

-A
; I

V
-B

; R
SV

-A
; R

SV
-B

; 
PI

V
-1

; P
IV

-2
; P

IV
-3

; h
M

PV
; 

hR
V

; A
dV

; h
C

oV
 O

C
43

; 
hC

oV
 2

29
E

, N
L

63
; h

B
oV

; 
E

V
 

 62
 (

27
.9

%
) 

 D
ou

bl
e 

in
fe

ct
io

n,
  n

 =
  5

5 
 B

oV
 =

 4
3.

5%
; I

V
-A

/B
 =

 3
3.

9%
; 

R
SV

-A
/B

 =
 3

3.
9%

; h
C

oV
 

N
L

63
 =

 2
5.

8%
; E

V
 =

 2
4.

2%
; 

A
dV

 =
 1

9.
4%

; P
IV

-
1/

2/
3 

=
 1

2.
9%

; h
R

V
 =

 9
.7

%
; 

hM
PV

 =
 8

.1
%

 

 30
9 

ch
ild

re
n 

(2
–1

3 
ye

ar
 

ol
d)

 w
ith

 A
R

I 
 T

hr
ee

 p
at

ho
ge

ns
,  n

 =
  6

 
 Fo

ur
 p

at
ho

ge
ns

,  n
 =

  1
 

  A
bb

re
vi

at
io

ns
:  A

R
I  a

cu
te

 re
sp

ir
at

or
y 

tr
ac

t i
nf

ec
tio

n,
 A

L
R

I a
cu

te
 lo

w
 re

sp
ir

at
or

y 
tr

ac
t i

nf
ec

tio
n,

  IV
  in

 fl u
en

za
 v

ir
us

: A
 (I

V
-A

),
 B

 (I
V

-B
) a

nd
 C

 (I
V

-C
),

  R
SV

  re
sp

ir
at

or
y 

sy
nc

yt
ia

l v
ir

us
: t

yp
e 

A
 (

R
SV

-A
) 

an
d 

ty
pe

 B
 (

R
SV

-B
),

  P
IV

  p
ar

ai
n fl

 ue
nz

a 
vi

ru
s:

 ty
pe

 1
 (

PI
V

-1
),

 ty
pe

 2
 (

PI
V

-2
),

 ty
pa

 3
 (

PI
V

-3
) 

an
d 

ty
pe

 4
 (

PI
V

-4
),

  h
M

P
V

  h
um

an
 m

et
ap

ne
um

ov
ir

us
,  h

R
V

  h
um

an
 r

hi
no

vi
ru

s,
 

 A
dV

  a
de

no
vi

ru
s,

  h
C

oV
  h

um
an

 c
or

on
av

ir
us

, 
 hB

oV
  h

um
an

 b
oc

av
ir

us
, 

 E
V

  e
nt

er
ov

ir
us

es
, 

 C
V

E
V

  c
ox

sa
ck

ie
 v

ir
us

/e
ch

ov
ir

us
 f

am
ily

, 
 M

. 
pn

eu
m

o 
M

yc
op

la
sm

a 
pn

eu
m

on
ia

e,
   C

. 
pn

eu
m

o 
C

hl
am

yd
ia

 p
ne

um
on

ia
e  

  a   C
o-

in
fe

ct
io

ns
 r

at
es

 b
y 

th
e 

m
os

t c
om

m
on

 v
ir

al
 p

at
ho

ge
n 

  b    H
ae

m
op

hi
lu

s 
in

 fl u
en

za
  (

al
l 

ty
pe

s)
; 

 H
ae

m
op

hi
lu

s 
in

 fl u
en

za
e  

(s
tr

ai
ns

 a
, 

b,
 c

 a
nd

 d
);

  H
ae

m
op

hi
lu

s 
in

 fl u
en

za
e  

(s
tr

ai
ns

 e
 a

nd
 f

);
  M

yc
op

la
sm

a 
pn

eu
m

on
ia

e ;
  C

hl
am

yd
ia

 p
ne

um
on

ia
e ;

 
 Le

gi
on

el
la

 p
ne

um
op

hi
la

 ;  S
tr

ep
to

co
cc

us
 p

ne
um

on
ia

e ;
  N

ei
se

ri
a 

m
en

in
gi

ti
di

s   

Ta
bl

e 
36

.3
 

(c
on

tin
ue

d)



29936 Co-Infections with In fl uenza and Other Respiratory Viruses

 The Seeplex TM  RV Detection Kit has recently been found as a good tool for the detection of multiple 
infections caused by common respiratory viruses (Yoo et al.  2007 ; Do et al.  2011  ) , with sensitivity 
higher than viral culture assays (Drews et al.  2008 ; Roh et al.  2008 ; Kim et al.  2009 ; Lee et al.  2010  ) . 
Our  fi ndings con fi rmed that co-infections are not a rare occurrence, particularly in immunocompro-
mised patients with medical conditions receiving immunosuppressive therapy. Nevertheless, a limitation 
of this study is a low number of tested specimens (18 specimens) that does not allow making more 
signi fi cant observations, especially the comparison of clinical and epidemiological features between 
patients with single infection and patients with multiple infections. 

 A rapid and accurate identi fi cation of etiologic agents involved in a respiratory infection is of essential 
clinical value. This may support the physician’s decision regarding the selection of appropriate treat-
ment and a prompt use of antiviral drugs, such as neuraminidase inhibitors in case of in fl uenza infec-
tions, for a patient, the exposed family members, or contact persons. Clinicians are inclined to use 
antibiotics in cases when the etiological agent of infection is not identi fi ed. Therefore, in spite of lack 
of speci fi c antiviral drugs and the symptomatic and supportive treatment in majority of respiratory viral 
infections, a rapid detection of viral pathogen may help avoid an inappropriate use of antibiotics. 
Moreover, the multiplex methods that enable detection of a broad spectrum of common viral pathogens 
are clinically desirable in case of speci fi c groups of patients: children, the elderly, and immunocompro-
mised individuals who tend to have prolonged virus shedding and who are at increased risk of serious 
complications and mortality. Such tests allow detecting agents not primarily expected in a patient. 

 Another important aspect of the identi fi cation of mixed infections is that the presence of more than 
one pathogen may in fl uence the course of infection; although the exact clinical signi fi cance of mixed 
infection remains unclear (Paranhos-Baccalà et al.  2008  ) . In numerous studies that have described 
co-infections, no clinical differences among patients with single and multiple infections are reported, 
including the severity of disease, clinical signs of infection, their intensity, or duration of hospital 
stays (Brouard et al.  2000 ; Lee et al.  2010 ; Nascimento et al.  2010  ) . In contrast, Calvo et al.  (  2008  )  
reported that infants with co-infections of RSV and one or more other respiratory pathogens have a 
signi fi cantly higher incidence of fever and the duration of hospitalization was longer in comparison to 
infants infected only with RSV. In the study of Richard et al.  (  2008  ) , a signi fi cant correlation between 
dual viral infection and increased severity in bronchiolitis was found and infants with co-infections 
were at 2.7 times higher risk for admission to the pediatric intensive care unit than those with single 
infections. The other signi fi cant factors that bore on the severity of infection were: age (<42 days), 
premature birth, and the underlying chronic disease. There were no statistically signi fi cant differences 
between host conditions, duration of assisted ventilation or of supplemental oxygen administration, 
and duration of hospitalization (Richard et al.  2008  ) . Certainly, further studies for a better understanding 
of these various interactions and the clinical differences between single and multiple respiratory viral 
infections need to be carried out. 

 Brunstein et al.  (  2008  )  suggested the occurrence of pathogen co-suppression, when infection with 
one pathogen reduces a risk for infection with others. Such interactions have been observed for the 
following viruses: RSV and IV; RSV-A and RSV-B; RSV and PIV; hRV and RSV/IV. However, in the 
present study we identi fi ed four cases of simultaneous infections with RSV and IV. Two of these cases 
were caused by RSV-A and RSV-B and one by both types of RSV and PIV. These four co-infected 
patients (P1, P2, P3 and P4) were hospitalized in the same unit, multiple infections were caused by 
four different combinations of only six viruses (IV-A in four patients, IV-B in two patients, RSV-A in 
four patients, RSV-B in three patients, hCoV OC43 in two patients, and PIV-3 in one patient) and all 
specimens were collected during 1 week, which all suggests a high probability of nosocomial trans-
missions. Additionally, in the case of Patient 2, the second specimen collected after an interval of 
19 days was negative for IV-A and RSV-A but positive for RSV-B. 

 The present study has some limitation. In electrophoretic gel patterns of PCR products obtained for 
patients with co-infections, the intensity of bands was variable, with some faint bands. Due to excel-
lent sensitivity of PCR and its very low detection limit (even several copies per reaction, including 
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non-replicated viruses), weak positive results may be related not with active but passing infection 
(Calvo et al.  2008  ) . Especially in children and immunosuppressed patients, shedding of a low con-
centration of viruses from a previous infection would be expected. This may be relevant for the inter-
pretation of multiple infections and for the role of particular pathogens in the clinical picture of 
disease. The identi fi ed presence of viral agents does not exclude the possibility of concomitant infec-
tion caused by bacterial pathogens. In our study, in Patients 2, 3, and 4 cultures of bronchial secretion 
or sputum gave all negative results. In Patient 1, culture of bronchial secretion was positive for 
 Acinetobacter baumanii  and in Patient 5 it was positive for  Streptococcus pneumoniae  but that from 
a throat swab was negative.  

    36.5   Conclusions 

 In conclusion, our  fi ndings show that in case of hospitalized patients with respiratory tract infection, 
especially with severe infections observed in children, elderly, and immunocompromised patients 
who are susceptible to serious complications, the simultaneous detection of multiple viral agents is 
advisable and more reliable than detection of only in fl uenza viruses. This enables to reveal an accu-
rate picture of the disease and thus is essential for the control of infection, including the nosocomial 
transmission, prioritizing diagnostic and improvement of both preventive and therapeutic manage-
ments. Identifying the accurate etiology of infection also allows the physician to determine better 
prognosis and to inform patients about the measures that should be implemented to limit the spread of 
infections to other persons.      

   Con fl icts of interest     :   The authors declare no con fl icts of interest in relation to this article.  
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  Abstract   The population of natural killer (NK) cells is very heterogeneous and plays a role in the 
immune system. Several NK cells subpopulations are recognized, differing in phenotype, cytokine 
release and cytotoxic ability. Different expression of biologically relevant molecules on the surface of 
NK cells may indicate their multiple functions. The activity of NK cells has mainly to do with their 
cytotoxic nature. A complete analysis of NK cells function requires application of many tests because 
a defect may be present at different stages of the cytotoxic process, from signal transduction through 
lysosome degranulation to target cells destruction. Flow cytometry is actually one of the best methods 
for the identi fi cation of NK cells and tracking their defects.  

  Keywords   Immunode fi ciency  •  Cytotoxicity  •  Immune system  •  Natural killer cells  •  Perforin    

    37.1   Introduction 

    37.1.1   Role and Diversity of NK Cells 

 Normal function of the immune system depends on the proper proportion and ef fi ciency of immuno-
competent cells of different lineages. One crucial cell population maintaining the immunological 
homeostasis is the natural killer (NK) cell lineage. The major role of NK cells is rejection of tumors, 
destruction of invading pathogens and of the organism’s own cells that may be autoreactive. The main 
action of NK cells is antibody-independent spontaneous cytotoxicity. NK cells also play a regulative 
role in the immune system by releasing a broad range of cytokines. 

 Disorders affecting function or the number of NK cells may destabilize the immune system and 
lead to uncontrolled proliferation of pathologically changed cells. As a consequence, tumors and 
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autoimmunization may arise. The NK cell population is heterogenic. Several subpopulations may be 
recognized, differing in phenotype, cytokine release and cytotoxic ability. In healthy subjects,  fi ve NK 
cell populations may be de fi ned: CD56 bright  CD16 − , CD56 bright  CD16 dim , CD56 dim  CD16 − , CD56 dim  
CD16 bright , CD56 −  CD16 bright . Under normal conditions, the subpopulations CD56 dim  CD16 −  and CD56 −  
CD16 bright  are in the minority and the CD56 bright  CD16 −  and CD56 bright  CD16 dim  are dominant. Among 
many important differences between NK cell subpopulations some are worth mentioning. The CD 
56 bright  cells lack KIR receptors (killer cell immunoglobulin-like receptors) and ILT2 (immunoglobulin-
like transcript 2), in opposition to the CD56 dim  subpopulation in which the molecules listed above can 
be found in abundance. On the other hand, CD94/NK2A receptors, which play a major role as 
inhibitory receptors, could be found in the majority of the CD56 bright  cells and rarely on the CD56 dim  
cells. Numerous differences in expressions of biologically relevant molecules on the surface and 
within the different subpopulations of NK cells may indicate their multiple functions. There is evidence 
that the CD56 dim  cells show higher cytotoxic activity in comparison with CD56 bright  cells (Cooper 
et al.  2001a,   b  ) . There is also a higher amount of perforins and granzymes in their cytoplasmic 
granules. Furthermore, these cells are able to form more conjugates with K562 target cells. High 
expression of CD16 molecules on their surface enables more effective reactions of antibody dependent 
cytotoxicity. On the other hand, the CD56 bright  cells are the most effective in cytokine production 
(IFN-gamma, TNF-alpha, GM-CSF, IL-10, IL-13) (Wilk et al.  2008  ) . 

 Taking all these  fi ndings into consideration, the assessment of subpopulations of NK cells seems 
of importance, because relevant change in one of the subpopulations may modify or even highly affect 
physiological role and function of all NK cells.  

    37.1.2   Defects in NK Cell Function 

 There are rather rare disorders in which NK cells are absent, de fi cient, or dysfunctional, in the 
absence of any other identi fi able immunode fi ciency, genetic or iatrogenic disorders which could 
affect NK cells. NK cell disorders are characterized clinically by susceptibility to severe and recurrent 
infection with  Herpes viruses , including  Varicella zoster virus  (VZV),  Herpes simplex virus  (HSV) 
I and II,  Epstein-Barr virus  (EBV), and  Cytomegalovirus  (CMV). There is also a marked susceptibil-
ity in some patients to  Human Papilloma Viruses  infections (Biron et al.  1999 ; Mossman and Ashkar 
 2005 ;    Notarangelo and Mazzolari  2006 ). The background of these de fi ciencies is diverse and often 
complicated as it involves genetic abnormalities, impaired signal transduction, and consequently loss 
of cytotoxic abilities. 

 One of the most severe disorders resulting from impairment of NK cell function is hemophagocytic 
lymphohistiocytosis (HLH). This disease may lead to uncontrolled hyperactivation of macrophages 
which phagocytose erythrocytes, leucocytes, platelets and their precursors within bone marrow, liver 
and lymph nodes. As a consequence, patients suffer from fever, advanced pancytopenia and 
hepatosplenomegaly. The disorder is life-threatening and often the only successful treatment is bone 
marrow transplantation (Fishman  2000 ; Henter et al.  2007 ; Lackner et al.  2008  ) . 

 In most cases of genetically determined familial form of HLH, mutations impairing the production 
of perforins occur, thus lytic action of NK cells is disturbed. In this case, elimination of pathogens is 
impossible and concurrently the immunological system is turned on for a constant and uncontrolled 
stimulation. As a result of in fl ammatory cytokine and growth factor actions, macrophage activation 
and proliferation occurs. Macrophages in fi ltrate internal organs: bone marrow, liver, spleen, lymph 
nodes, CNS and heart. This leads to phagocytosis of hematopoetic cells and systemic in fl ammatory 
response syndrome (SIRS) development (Horne et al.  2008 ; Vastert et al.  2009  ) . Macrophage activa-
tion syndrome (MAS) clinically resembles the familial form of HLH. In both cases, the most common 
factor that triggers hemophagocytic syndrome is usually viral infection, especially EBV or CMV. 
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Patients suffering form MAS also show a lower number of NK cells or perforin secreting cells in the 
bloodstream. Impaired release of perforins can be detected in CD8 lymphocytes as well. Defects in 
cytotoxicity of NK cells and CD8 lymphocytes are commonly detected in MAS and HLH (Grom et al. 
 2004 ; Villanueva et al.  2005  ) .  

    37.1.3   The Aim of the Present Report 

 Flow cytometry is one of the most useful tools in the evaluation of NK cells function. This method 
enables tracking of the defects appearing at various stages of cells action and activation. Numerous 
tests with individual modi fi cations and applications have been designed and described (Alter et al. 
 2004 ; Aktas et al.  2009 ; Betts et al.  2003 ; Brenan and Parish  1988 ; Bryceson et al.  2005,   2010 ; Byrd 
et al.  2007 ; Chung et al.  2009 ; Chrysofakis et al.  2004 ; Epling-Burnette et al.  2007 ; Fauriat et al.  2007 ; 
Garcia-Iglesias et al.  2009 ; Hersperger et al.  2008 ; Kim et al.  2007 ; Mattis et al.  1997 ; Morissette 
et al.  2007 ; Papadopoulos et al.  1994 ; Perez et al.  2004 ; Perfetto et al.  2006 ; Piet et al.  2011 ; Sivori 
et al.  1999 ; Zimmer et al.  2005  ) . The aim of this publication is to present the tests most commonly 
used for the analysis of NK cells. These tests are based on widely accepted protocols with our own 
modi fi cations.   

    37.2   Proposed Diagnostic Scheme for NK Cells Evaluation 

 Screening of NK cell function is based on the cytotoxicity test. However, this test does not detect the 
location of defects. NK cells contain high concentrations of cytolytic granules in their cytoplasm. 
These lytic vesicles contain a number of cytolytic proteins such as perforin and granzyme, designed 
to induce death in target cells upon release. Identi fi cation of the content of intracellular granules is an 
important part of the diagnostics. It may be performed through the evaluation of perforin and 
granzymes intracellular expression. Subsequent to the activation, NK cells rapidly release granules at 
the immunological synapse inducing death of the target cell. Lining the membrane of these cytolytic 
granules is the lysosomal-associated membrane protein-1 (CD107a and CD107b). Therefore, degran-
ulation can be assessed by evaluation of the surface CD107a and CD107b expression. 

 The in fl uence of cytokines on NK cells function and immune system balance cannot be ignored. 
Useful knowledge supporting diagnostics of NK cells defects can be gained by evaluation of relevant 
cytokines production and secretion. 

    37.2.1   Flow Cytometric Cytotoxicity Test 

 Cytotoxic activity is the most relevant function of NK cells. Cytotoxicity test is commonly used to 
assess cytotoxic activity of NK cells. It enables accurate measurements of lymphocyte or NK cells 
cytotoxic activity against target cells, but proper identi fi cation of presumptive pathology is impossible. 
The most commonly referenced test which is based on usage of radioactive chromium, as an indicator 
of target cells, creates nowadays a big technical problem for numerous laboratories. Using radioactive 
chemical components requires specialized, highly quali fi ed and certi fi ed isotopic laboratory. The 
method applying  fl ow cytometry which was described by many authors seems to be the best alternative 
(Brenan and Parish  1988 ; Kim et al.  2007 ; Mattis et al.  1997 ; Papadopoulos et al.  1994 ; Perfetto 
et al.  2006  ) . In this method, staining with radioactive chromium is replaced with various  fl uorescence 
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stains. Flow cytometry gives a broad operating range with diverse modi fi cations and applications. It 
allows for simultaneous identi fi cation of expression of many surface or/and intracellular antigens, 
receptors or other factors present or appearing during the incubation of the effector cells with 
appropriate target cells. 

    37.2.1.1   Methods 

     1.    Separation of PBMS from anticoagulated, heparinized blood by density gradient centrifugation 
(Histopaque 1077, Sigma-Aldrich). After separation, cells are diluted twice in PBS (phosphate 
buffered saline) and ones in RPMI 1,640 culture media (Lonza) supplemented with 10% FCS (Fetal 
Calf Serum), 4 mM of L-glutamine, 1% of 1M HEPES Buffer and 8  m g/ml antibiotic (Sigma-Aldrich, 
St. Louis, MO). After the last washing PBMS are suspend at  fi nal concentration 4 mln/ml.  

    2.    Preparation of K562 cells. Target cells are harvested from the culture (RPMI as mentioned above), 
washed twice in PBS and diluted in RPMI media in a  fi nal concentration of 1 mln/ml.  

    3.    Target cells (K562) are labeled with  fl uorescent dye DiO 
18

  (3.3 ’ -dioctadecyloxacarbocyanine 
perchlorate; Sigma-Aldrich, St. Louis, MO). DiO 

18
  is incorporated almost irreversibly into a cell 

membrane  via  two C 
18

  alkyl chains (Brenan and Parish  1988 , Mattis et al.  1997 ). 24  m g/ml (10  m l 
from the stock), is added to 1 mln of K562 cells suspend in 1 ml of RPMI media and incubated in 
37°C, 5% CO 

2
  for 30 min. After incubation, cells are washed three times in PBS and ones in RPMI 

and suspended in concentration 1 mln/ml.  
    4.    Separated PBMS are cultured with target K562 cells in four sterile tubes: effector (E) cells to target 

(T) cells ratio 40:1, E:T 10:1, control with effector PBMC without target K562 cells, control with 
target K562 without PBMC. Final reaction volume is 200  m l.  

    5.    The culture is derived 4 h in incubator in humidi fi ed, 37°C, 5% CO 
2
  atm.  

    6.    After 4 h, tubes are taken out from the incubator and a propidium iodide (PI) (intracellular DNA 
staining) is added to the culture. The tubes are placed back into the incubator for 30 min. PI is taken 
up by the DNA of the cells that have been killed. After 30-min incubation, tubes with the cell 
suspensions are removed from the incubator and put into the  fl ow cytometer. The ratio of dead cells 
to live cells at the different proportions effector to target cells is determined.     

 Live target (K562) cells show only DiO 
18

   fl uorescence (Fig.  37.1a , b;  fi eld D4), dead target 
cells shoved both DiO 

18
  and PI  fl uorescence (Fig.  37.1a , b;  fi eld D2). The percentage of dead target 

cells is calculated according to the formula: dead cells × 100%/total number of target cells. Speci fi c 
lysis is present as: the percentage of dead target cells (with effector cells) subtracted dead target cells 
(without effector cells).    

    37.2.2   Degranulation Analysis 

 The surface expression of antigens CD107a and CD107b on activated NK cells is strictly related to 
their cytotoxic ability. CD107a (LAMP1 – Lysosome Associated Membrane Proteins 1) and CD107b 
(LAMP2) could be found within the lysosomal membrane. As a result of NK cell stimulation, degran-
ulation occurs and lysosomal proteins CD107 are dislocated into cell membrane (Aktas et al.  2009 ; 
Alter et al.  2004 ; Bryceson et al.  2005,   2010  ) . Detection of these markers on the cell surface con fi rms 
cytotoxic activation. Impaired CD107a or/and CD107b expression on the surface of cell membrane of 
activated NK cells may re fl ect errors in degranulation process. Infrequently impaired degranulation 
results from an immunode fi ciency syndrome connected with genetic mutation or polymorphisms and 
leads to hyperactivation of immune system. More often this dysfunction is of low clinical signi fi cance. 
The  fl ow cytometry method allows to identify cases when genetic test can be reasonable. 
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    37.2.2.1   Methods 

 Separation of PBMS from anticoagulated, heparinized blood is performed by density gradient 
centrifugation (Histopaque 1077; Sigma-Aldrich, St. Louis, MO). After separation, cells are diluted 
twice in PBS (phosphate buffered saline) and once in RPMI 1,640 culture media (Lonza) supple-
mented with 10% FCS (Fetal Calf Serum Sigma-Aldrich) and 4 mM of L-glutamine, 1% of 1M 
HEPES Buffer, and 8  m g/ml of antibiotic (Sigma-Aldrich, St. Louis, MO). After the last washing, 
PBMS are suspended in RPMI media at a  fi nal concentration 4 mln/ml.

  Fig. 37.1    ( a )  Cytotoxicity test results – normal cytotoxic activity,  ( b )  Cytotoxicity test results – depressed cyto-
toxic activity.  In  both panels : D1 – dead PI stained cells, D2 – dead PI and DiO 

18
  stained K562 cells, D3 – unstained 

cells, and D4 – live DiO 
18

  stained K562 cells. ( c )  Expression of CD107a antigen  on the surface of non-stimulated NK 
cells. ( d )  Expression of CD107a antigen  on the surface of NK cells after stimulation with K562 target cells. ( e )  Expression 
of NK cells CD56CD16 antigens  on the surface of whole blood mononuclear cells ( f )  Percentages of NK cell subpopu-
lations in PBMC  isolated from human whole blood cells: H1 – 43.6% NK CD56, J – 28.2% CD56 dim , I −15.4% 
CD56 bright , H2 – 56.4% – NK CD56 + CD16+. ( g )  Intracellular expression of perforin  in whole blood NK cells: E2 – 
93%. ( h )  Expression of activating pNK30 receptor  on the surface of peripheral blood NK cells: Y1 – 14%, Y2 – 86%. ( i ) 
 Expression of activating pNK46 receptor  on the surface of peripheral blood NK cells: AK1 – 8%, AK2 – 92%       
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    1.    Preparation of K562 cells. Target cells are harvested from the culture (RPMI as mentioned above), 
washed twice in PBS and diluted in RPMI media at a  fi nal concentration of 1 mln/ml.  

    2.    Incubation of PBMC with 10  m l of ready-to-use monoclonal antibodies solution (anti CD107a 
 fl uorescein isothiocyanate (FITC)-conjugated, anti D107b FITC and CD16 phycoerythrin (PE)-
conjugated, CD56 phycoerythrin-cyanine (PE-Cy5)-conjugated, Becton Dickinson) immediately 
after isolation without stimulation as a negative control.  

    3.    Separated PBMS are cultured with not stained target K562 cells in three sterile tubes, effector (E) 
cells to target (T) cells ratio 10:1. The  fi nal reaction volume is 200  m l.  

    4.    The culture is for 1 h in incubator in humidi fi ed, 37°C, 5% CO 
2
  atm.  

    5.    After the incubation, 4  m l monensin containing reagent (Golgi Stop, Becton Dickinson) is added to 
each tube and they are placed again in the incubator for 3–5 h.  

    6.    After incubation, probes are stained with 10  m l of ready-to-use monoclonal antibodies solution 
(anti-CD107a FITC, anti-CD107b FITC, and anti-CD16 PE, CD56 PE-Cy5, Becton Dickinson) 
and incubated for 20 min, after which the probes are  fi xed with 100  m l of 2% formalin solution and 
 fi lled with PBS to a total volume 500  m l.  

    7.    The probes are analyzed in the  fl ow cytometer Cytomix FC 500 Beckman Coulter. (Fig.  37.1c , d). 
Compensation matrixes are generated manually upon acquisition.       

    37.2.3   Flow Cytometry Analysis of Subpopulations of NK Cells 

 It is well known that the number of circulated whole blood NK cells has a direct impact on the 
cytotoxicity range. In most cases, a great decrease in the NK cell population is related to the presence 
of impaired cytotoxicity. Relevant changes in the proportion of different subpopulations of NK cells 
may modify or even highly affect their physiological role and the homeostasis of the immune system. 
Therefore, the assessment of subpopulations of NK cells seems to be important. 

    37.2.3.1   Methods 

 Whole blood leukocytes (4 mln/ml) are incubated with 10  m l of ready-to-use monoclonal antibodies 
solutions: anti CD3 FITC, anti CD16CD56 PE, anti CD56 PE-Cy5, anti CD16 PE (Becton Dickinson), 
protected from light, 20 min at room temp. After staining, erythrocytes are lysed with 500  m l of 
OptiLyse C reagent (Beckman Coulter). Probes are analyzed in the  fl ow cytometer Cytomix FC 500 
Beckman Coulter (Fig.  37.1e , f).   

    37.2.4   Evaluation of Intracellular Expression of Perforin in NK Cells 

 Perforin, constitutively expressed by NK cells, is a cytotoxic molecule responsible for the induction 
of apoptosis of target cells. Genetic mutations in the perforin gene lead to impaired or even 
completely inhibited production of the protein and in consequence become a reason of severe immune 
de fi ciencies. A  fl ow cytometry method designed for intracellular perforin identi fi cation provides 
preliminary information about perforin expression. This test allows to recognize individuals with a 
presumable defect in perforin production and to qualify them to highly specialized, complicated, and 
precise genetic tests. However, it has to be taken into consideration that decreased or sometimes 
increased expression of intracellular perforin may be connected not only with genetic abnormalities 
but also with the presence of several chronic infections, including HIV or HCV (Hersperger et al. 
 2008 ; Morissette et al.  2007 ; Par et al.  2006 ; Perez et al.  2004 ; Portales et al.  2003  ) . 
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    37.2.4.1   Methods 

 Whole blood leukocytes as well as isolated PBMC are stained with 10  m l of monoclonal anti-
CD4, anti-CD8 and anti-CD56 antibodies, 20 min protected from light (Becton Dickinson) to 
identify surface expression of population speci fi c antigens. Then, cells are permeabilized for 
15 min with 100  m l of IntraPrep 1 permabilization reagent (Beckman Coulter). After incubation, 
probes are washed once in 4 ml of PBS, then 100 ml of IntraPrep reagent 2 is added to each 
tube and incubated for 5 min. After 5-min incubation, 10  m l of second, intracellular mouse 
anti-human perforin antibodies (Becton Dickinson) are added and incubated for 20 min. The 
probes are then washed with 4 ml of PBS,  fi xed with 100  m l of 2% formalin solution (Sigma 
Aldrich, St. Louis, MO) and  fi lled with PBS to a  fi nal volume of 500  m l. Probes are analyzed in 
the  fl ow cytometer Cytomix FC 500 Beckman Coulter (Fig.  37.1g ). The expression of intracellular 
perforin analyzed in samples from patients has to be related to the result obtained at the same time 
in a sample of blood taken from a healthy donor.   

    37.2.5   Analysis of Surface Activating Receptors on Resting 
and Activated NK Cells 

 The induction of NK cells cytolytic function is regulated by the expression of diverse surface 
receptors. These receptors are able either to inhibit or enhance NK cells reactivity (Mc Queen and 
Parham  2002 ; Vitale et al.  2003  ) . The interaction of inhibitory receptors with their ligands leads to 
self-tolerance. On the other hand, virus-infected or tumor cells which have lost their HLA Class I 
antigens undergo killing. Actually, only three natural cytotoxicity triggering receptors have been 
proposed as speci fi c for NK cells. These are NKp30, NKp44 and NKp46. Upon interaction with their 
ligands (which are still unidenti fi ed) on target cells, these receptors activate NK cells cytotoxicity 
(Srivastava and Srivastava  2006  ) . Two of them: NKp30 and NKp46 are constitutively presented on the 
membrane of NK cells and the third NKp44 is expressed after cell activation. It has to be taken into 
consideration that loss or decreased expression of these receptors may lead to impaired activation and 
in consequence blockage of NK cells action (Byrd et al.  2007 ; Garcia-Iglesias et al.  2009 ; Sivori et al. 
 1999  ) . This hypothesis was con fi rmed in some publications. NK cells from patients suffering from 
myelocytic/monocytic acute myeloid leukemia exhibit poor cytolytic functions due to de fi cient 
expression of NKp30, NKp44, and NKp46 receptors (Fauriat et al.  2007  ) . In patients with myelodys-
plastic syndromes the expression of activating NK cell receptors (NKG2D and NKp30) decreases as 
the disease progresses to myeloid leukemia (Epling-Burnette et al.  2007  ) . 

    37.2.5.1   Methods 

 Whole blood leukocytes (4 mln/ml) are stained with 10  m l of ready-to-use monoclonal antibodies anti 
CD3 FITC, anti-NKp30 PE, anti-NKp46 PE and anti-CD56 PE-Cy5 (Becton Dickinson) and incu-
bated for 20 min in room temperature, protected from light. After staining, erythrocytes are lysed with 
500  m l of OptiLyse C reagent (Beckman Coulter). Probes are analyzed in  fl ow cytometer Cytomix FC 
500 Beckman Coulter (Fig.  37.1h , i).        
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  Abstract   Angiogenesis plays important role in tumor growth and development. Protein ligands and 
their receptor tyrosine kinases are crucial in tumor related angiogenesis. Ligand/receptor systems 
such as vascular endothelial growth factor (VEGF), and tyrosine kinase with immunoglobulin-like 
and epidermal growth factor homology domains (Tie) family play important role in this phenomenon. 
The aim of this study was to evaluate the concentration of soluble receptor of VEGF (sVEGF R1) and 
Tie-2 domain in plasma of lung cancer patients before and after chemotherapy. Forty four lung cancer 
patients, 11 with small lung cancer (SCLC), 5 females and 6 males (mean age 60.2, range 39–72 years), 
and 33 patients with non-small cell lung cancer (N-SCLC), 6 females and 27 males (mean age 61.9, 
range 42–78 years) received four courses of chemotherapy. Control group consisted of 44 patients 
with COPD, 4 females and 40 males (mean age 37.1, 18–60 years). In all cases clinical partial response 
was achieved. Both sVEGF R1 and Tie-2 concentrations were elevated in cancer group before treat-
ment compared with control: sVEGF (pg/ml): 60.7 and 66.2  vs.  48.8 and Tie-2 (ng/ml): 37.3 and 37.5 
 vs.  30.7 in SCLC and N-SCLC  vs.  C, respectively. Treatment decreased sVEGF R1 (pg/ml): 66.7  vs.  
11.6 (p < 0.05) and 66.2  vs.  14.39 (p < 0.001), and Tie-2 (ng/ml): 37.3  vs.  26.3 (p < 0.05) and 37.5 
 vs.  25.7 (p < 0.001) in SCLC and N-SCLC, respectively. We conclude that VEGF R1and Tie-2 recep-
tors may play important role in lung cancer development and their receptor concentrations may re fl ect 
the patients’ response to treatment.  

  Keywords   Angiogenesis  •  Lung cancer  •  Small cell lung cancer  •  Non-small cell lung cancer  
•  VEGF – Epidermal growth factor  •  Pharmacotherapy  •  Tyrosine kinase    

    38.1   Introduction 

 It is well established now that angiogenesis, the growth of new blood vessels is required for develop-
ment and progression of solid tumors (Phillips et al.  1976 ; Risau  1987  ) . The importance of angio-
genesis speci fi cally in lung carcinogenesis is supported by a large body of research, including studies 
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demonstrating altered expression of proangiogenic factors such as vascular endothelial growth factor 
(VEGF) (Phillips et al.  1976 ; Shibuya et al.  1994  ) . Moreover, inhibition of tumor growth with angio-
genesis inhibitors and correlations between tumor blood vessel density and both tumor characteristics, 
metastases, and clinical outcome supports idea of targeting angiogenesis factors as a new anticancer 
treatment strategies (Sharma et al.  2011  ) . VEGF-A, also known as vascular permeability factor 
(VPF) plays a fundamental role in physiological and pathophysiological forms of angiogenesis and 
regulation of endothelial cell differentiation (Berse et al.  1992 ; Le et al.  1993 ; Senger et al.  1993  ) . 
VEGF normal function is to create new blood vessels during embrionic development, new blood 
vessels after injury, muscle following exercise, and new vessels to bypass blocked vessels. Many 
studies have shown that VEGF is a key proangiogenic factor that is overexpressed in all solid tumors, 
acting through its receptors VEGFR1 and VEGFR2 (Sharma et al.  2011  ) . Protein ligands and their 
receptor tyrosine kinases are crucial in tumor related angiogenesis. Ligand /receptor systems such as 
VEGF, and tyrosine kinase with immunoglobulin-like and epidermal growth factor homology 
domains (Tie) family play important role in this phenomenon. Tie-2 receptor on endothelial cells is 
activated through binding of angiopoietins. Angiopoietin-1 (Ang-1) and angiopoietin-2 (Ang-2) have 
been identi fi ed as ligands with different effector functions of the vascular assembly and maturation-
mediating receptor tyrosine kinase Tie-2 (Saharinen et al.  2011  ) . Ang-1 is responsible for the integrity 
of the endothelium, whereas Ang-2, together with VEGF stimulates angiogenic responses, or, by 
acting alone, targets blood vessels for regression. The aim of this study was to evaluate the concentration 
of soluble receptor of VEGF (sVEGF R1) and Tie-2 domain in plasma of lung cancer patients before 
and after chemotherapy.  

    38.2   Methods 

 The study was performed in conformity with the Declaration of    Helsinki for Human Experimentation 
and the protocol was approved by a local Ethics Committee. 

 The study group consisted of 44 lung cancer patient (11 patients with small cell lung cancer 
(SCLC), 5 females and 6 males (mean age 60.2, range 39–72 years), and 33 patients with non-small 
cell lung cancer (N-SCLC), 6 females and 27 males (mean age 61.9, range 42–78 years)). All 11 
SCLC patients were current smokers (mean pack/years: 32, min-max: 10–50 pack/years). In N-SCLC 
group, there were 31 current (94%) and two ex-smokers (6%) with smoking history of 30 pack/years 
ranging from 12 to 50 pack/years). All SCLC patients represented extensive disease (ED) clinical 
stage. N-SCLC group consisted of 15 patients at clinical stage IIIB and 18 patients at clinical stage IV 
of the disease. In SCLC group chemotherapy was carried out in a 21-day cycle using cis-platin at a dose 
of 100 mg/m 2  on day 1 and etoposid at a dose of 100 mg/m 2  on days 1–3 of the cycle. In N-SCLC 
patients chemotherapy was carried out in a 21-day cycle using cis-platin at a dose of 100 mg/m 2  on 
day 2 and gemcytabine at a dose of 1,000 mg/m 2  on days 1 and 8 of the cycle. sVEGF R1 and Tie-2 
measurements were carried out before and after chemotherapy. The control group consisted of 44 
patients with COPD, 4 females and 40 males (mean age 37.1, 18–60 years). There were seven (16%) 
current smokers, and 37 (84%) non smokers (mean pack/years = 2, min-max 0–30). Clinical response 
to therapy was calculated by X-ray and CT scans before and after chemotherapy. Serum samples, 
obtained from the whole blood of patients with lung cancer before and after four cycles of chemo-
therapy, were used as the study material. To exclude the possible interference of chemotherapy, sub-
sequent blood samples were obtained at least 28 days after the last administration of cytotoxic drugs. 
Blood serum was stored at −80°C immediately after separation by centrifugation (3,000 rpm) until the 
assay was performed. At the  fi rst stage, blood samples were taken to assess sVEGF R1 and Tie-2 after 
complete diagnostics of lung cancer had been made, including X-ray and CT of the chest, bron-
choscopy with H + P examination, bronchial biopsy (BB), or transbronchial needle aspiration biopsy 
(TBNA). The clinical analysis comprised the evaluation of clinical staging of NSCLC (TNM, AJCC), 
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and the performance stage according to Zubrod. The response to therapy was estimated according to 
the WHO criteria. All patients underwent basic laboratory tests and accessory investigations (ultra-
sonography of the abdominal cavity). Next, blood samples were collected to determine the concentra-
tions of sVEGF R1 and Tie-2 to evaluate impact of chemotherapy. 

 Serum sVEGF R1 was analyzed with a Quantikine Kit and Tie-2 concentrations were determined 
by means of an enzyme-linked immunosorbent assay (ELISA) method (R&D System, Minneapolis, 
USA). All specimens were assayed in duplicates. The serum concentrations of sVEGF R1 and Tie-2 
were reported as pg/ml, and ng/ml, respectively. 

 Statistical analysis was performed using Statistica 9.0 software (Stat Soft Inc., Tulsa, USA). K-S 
test was used for normality. All parametrical data was calculated by a I-test. Non-parametrical Mann 
Whitney test was used for sVEGF and Tie measurements. Results are presented as means ± SD. 
A value of p < 0.05 was considered to be the level of statistical signi fi cance.  

    38.3   Results 

 We found partial clinical response (PR) in all cancer patients. In the SCLC group, although elevated, 
both Tie-2 and sVEGF R1 did not reach statistical signi fi cance (p = 0.36 and p = 0.07, respectively) 
(Fig.  38.1a , b). Serum levels of both sVEGF R1 and Tie-2 were signi fi cantly higher in the N-SCLC 
patients before treatment compared with control (p = 0.03 and p = 0.05, respectively) (Fig.  38.1c , d). 
After four cycles of chemotherapy, we found a signi fi cant decrease of sVEGF R1 and Tie-2 in the 
SCLC group (p = 0.03 and p = 0.05, respectively) (Fig.  38.2a , b). The levels of both molecules also were 
signi fi cantly lower after chemotherapy in the N-SCLC group (p = 0.001 and p = 0.001, respectively) 
(Fig.  38.2c , d). Referring to the clinical stage of N-SCLC, sVEGF R1 levels tended to be higher in 
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group IIIB, whereas Tie-2 levels were signi fi cantly higher in stage IV of the disease (p = 0.35 and 
p = 0.004, respectively) (Fig.  38.3a , b). Chemotherapy signi fi cantly lowered the levels of both mole-
cules, irrespective of disease stage (p = 0.003 and p = 0.003, for stage IIIB, respectively) (Fig.  38.4a , b) 
and (p = 0.001 and p = 0.003, for stage IV, respectively) (Fig.  38.4c , d).      

    38.4   Discussion 

 In this study we con fi rmed previous observations of increased plasma sVEGF R1 and Tie-2 levels in 
lung cancer patients (Sartelet et al.  2004  ) . It is also consisted with previous  fi ndings in N-SCLC and 
SCLC patients reported by our group (Swidzinska et al.  2004 a; Naumnik et al.  2009  ) . Although the 
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predominant body of evidence is based on N-SCLC  fi ndings, increased plasma levels of VEGF in 
SCLC are also reported by others (Tas et al.  2006  ) . In our study the elevation of sVEGF R1 and Tie-2 
was found in advanced clinical stage of the disease. This is consistent with  fi ndings of Lissoni et al. 
 (  2003  )  who studied patients with metastatic lung and colon carcinoma. Beinert et al.  (  1999  )  found that 
plasma VEGF level elevation may be dependent on previous radiotherapy due to VEGF activation by 
an oxidative stress. After chemotherapy, in all our patients we found a partial clinical response and 
decrease of both studied molecules. This is consistent with previous  fi ndings of our group (Swidzinska 
et al.  2004 b; Naumnik et al.  2009  ) . Elevated VEGF and Tie-2 levels have been mainly reported in 
N-SCLC with minority of reports addressing the SCLC patients (Dowell et al.  2004  ) . Ustuner et al. 
 (  2008  )  found that low serum VEGF concentration may be a independent prognostic factor in SCLC 
patients, suggesting that surveillance of VEGF and its receptors to predict chemotherapy response 
may not be useful. Whether the levels of serum VEGF and its receptors VEGFR-1 and VEGFR-2 
would be valuable in detecting treatment modalities of SCLC needs to be further explored. All patients 
presented with advanced clinical stage of disease and elevated levels of VEGF and Tie-2. The levels 
of both molecules decrease after chemotherapy. This is consistent with the  fi ndings of others. Lissoni 
et al.  (  2003  )  found that higher plasma levels of VEGF before and after cis-platin-based chemotherapy 
correlated with poor prognosis, suggesting that changes in VEGF levels during chemotherapy may 
represent a useful biomarker to predict the effect of chemotherapy in terms of tumor response and 
survival in patients with metastatic solid neoplasms. Jantus-Lewintre et al.  (  2011  )  suggested that a 
combination of VEGF-A and sVEGFR-2 can be used as an independent prognostic biomarker in 
advanced N-SCLC. In contrast, Ludovini et al.  (  2004  )  found that VEGF weakly correlated with regu-
lators of apoptosis and could not be independent predictive factor for resistance to cis-platin-based 
chemotherapy and prognostic for survival. Chorostowska-Wynimko et al.  (  2009  )  found that VEGF 
levels decreased following neoadjuvant therapy with subsequent signi fi cant up-regulation after surgery. 
Moreover, post-surgery serum VEGF strongly correlated with TGF-beta concentration. VEGF and 
Tie-2 are some of the key elements of recently introduced targeted anticancer therapy. An et al.  (  2012  )  
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suggested that improved survival in patients with lower posttreatment plasma VEGF levels treated 
with bevacizumab plus chemotherapy may predict clinical bene fi t early in the course of therapy. 
Kanashiro et al.  (  2007  )  found decreased VEGF R1 levels after therapy with antagonists of growth 
hormone releasing hormone and bombesin in non-small cell lung cancer. Hu et al.  (  2010  )  developed 
a novel gene delivery system targeting Tie-2 for cancer gene therapy. Stacher et al.  (  2009  )  investigated 
several factors of the VEGF-signaling pathway and Tie-2 in epitheloid hemangioendotheliomas and 
primary pulmonary epitheloid angiosarcomas by means of immunohistochemistry using antibodies 
against VEGF family and Tie-2. Based on their  fi ndings the authors suggested a new therapeutic 
option in the therapy of pulmonary vascular tumors by blockade of the ligands or their receptors. 
These and other  fi ndings support further studies on the role of VEGF and Tie-2 as key elements of 
tumor related angiogenesis. Based on our  fi ndings we conclude that plasma levels of sVEGF R1 and 
Tie-2 may be useful biomarkers to predict the effect of chemotherapy in terms of tumor response and 
survival in lung cancer patients.      

   Con fl icts of interest     :   The authors declare no con fl icts of interest in relation to this article.  
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  Abstract   PNA-LNA PCR clamp real-time PCR method represents allele-speci fi c approach to 
mutation analysis of EGFR gene in NSCLC. Due to its unique design, it is characterized by excep-
tionally high speci fi city and sensitivity but also allows detection of rare or not speci fi cally-targeted 
EGFR mutations within examined exons, otherwise undetectable by other mutation-speci fi c  fl uorescent 
probes. We herein present two cases of rare mutations revealed by PNA-LNA PCR clamping of 
NSCLC samples referred for routine EGFR gene molecular diagnostics. In one, the EGFR gene L858 
codon mutation was detected by standard PNA-LNA PCR clamping, subsequently recon fi rmed and 
characterized by direct sequencing of allele speci fi c ampli fi cation products as the missense mutation 
c.2572C>A (p.L858M) paired with L861Q mutation on the same allele ( in cis ). In the second sample, 
low quality FFPE material from pleural biopsy, c.2573C>T missense mutation (p.L858P) was revealed. 
Still, repeated DNA analysis by PNA-LNA PCR clamp and direct sequencing demonstrated low level 
of mutant allele existing in a total allele pool suggesting rather artifactual c.2572C>T transition, a 
phenomenon quite frequent in low-volume FFPE samples upon  fi xation procedures. In conclusion, 
superior sensitivity and unique design of PNA-LNA PCR clamping are crucial for its excellent diag-
nostic effectiveness. As we demonstrated, the method allows detecting rare EGFR mutations, although 
it increases the risk of detection of a very low signal, e.g., generated by a small pool of mutated allele. 
Therefore, applicability of PNA-LNA PCR clamp product for the direct sequencing reevaluation is of 
key importance enabling reliable validation of results.  

  Keywords   EGFR mutations  •  Non-small cell lung cancer  •  PNA-LNA PCR clamp  •  Rare mutations  
•  Sequencing    
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    39.1   Introduction 

 Molecular methods comprise currently an important part of routine diagnostic in lung adenocarcinoma 
patients as the detection of EGFR gene activating mutations within cancer genome is a prerequisite 
for successful therapy with EGFR tyrosine kinase inhibitors. More than 90% of detected EGFR 
somatic mutations in human lung cancer are located within exon 19 as in-frame microdeletions 
(45.7–55.7%), mainly as 15-nucleotide deletion p.E746_A750del15 and in exon 21, as point missense 
mutation L858R (41.0–43.3%) (Prudkin and Wistuba  2006 ; Sharma et al.  2007  ) . 

 It is of crucial importance that the methods employed for detection of EGFR mutations are 
suf fi ciently speci fi c and sensitive to provide consistent, reliable and rapid diagnosis (Chorostowska-
Wynimko and Szpechcinski  2007  ) . Direct sequencing is the gold standard for any mutation analysis 
within human genomic DNA. It is also utilized by many laboratories for EGFR mutation identi fi cation, 
despite its limited effectiveness. In non-small cell lung cancer (NSCLC) samples with a low-quality 
DNA or not-abounding with cancer cells (<50%) prevail. Supplementary methods, like microdissection, 
are then recommended (Pirker et al.  2010  ) , which increases the costs and the time-load of work. 
In formalin- fi xed paraf fi n-embedded (FFPE) samples, even those rich with cancer cells, DNA quality 
is frequently affected by formalin  fi xation procedures and a low-level mutation signal in direct 
sequencing  fl uorogram might be confused with background noise and not recognized. 

 Meanwhile, molecular probes-based PCR assays are fast, relatively cost-effective, and characterized 
by high speci fi city and sensitivity. Real-time PCR-based methods are mutation-speci fi c, consequently do 
not allow detection of any given mutation within exons 18–21. Still, the most important from clinical and 
therapeutic point of view might be revealed effectively. The literature demonstrates a high concordance 
of these methods with standard direct sequencing in resected NSCLC specimens. The PNA-LNA PCR 
clamp real-time PCR method represents allele-speci fi c approach to mutation analysis and due to its unique 
design is characterized by exceptionally high speci fi city and sensitivity (Nagai et al.  2005  ) . High af fi nity 
and speci fi city of PNA oligomers for complementary DNA sequence and their resistance to exonucleolytic 
activity of DNA polymerase result in inhibition of wild type allele PCR ampli fi cation in tumor-derived 
DNA. At the same time EGFR mutant allele, if present, is preferentially ampli fi ed, thus detection sen-
sitivity is remarkably increased (Fig.  39.1 ). Moreover, LNA modi fi cations improve speci fi city of hydro-
lysis probes binding to target DNA sequence. This quality is of key importance for ultra-sensitive detection 
of point mutations. In addition, PNA-LNA PCR clamp is the only real-time PCR method that allows 
positive con fi rmation/reevaluation of its product by direct sequencing, if necessary. Besides, PNA-LNA 
PCR clamp due to its unique design allows detection of rare or not speci fi cally-targeted EGFR mutations 
within examined exons, otherwise undetectable by other mutation-speci fi c  fl uorescent probes.  

 In the current report we present two cases demonstrating high sensitivity and speci fi city of PNA-
LNA PCR clamp method allowing reliable detection of rare mutations in EGFR gene L858 codon.  

    39.2   Methods 

 The study was performed in conformity with the 1989 Declaration of Helsinki for human research and 
the protocol was accepted by a local Ethics Committee. 

    39.2.1   Sample 1 

 Tissue material from resected lung adenocarcinoma was referred for EGFR gene mutation analysis. 
Specimen was  incubated in RT for 24 h in tissue preserving medium and subsequently frozen at −80°C 
until further analysis. Next, sample was homogenized and DNA extracted with GeneMATRIX Tissue 



32339 Reliable Detection of Rare Mutations in EGFR Gene Codon L858 by PNA-LNA PCR Clamp…

DNA Isolation Kit (EURx, Gdansk, Poland) Afterwards, PNA-LNA PCR clamp real time assay was 
performed with 200 nmol/L of each forward and reverse primer speci fi c to exon 21 sequence (Genomed 
SA, Warsaw, Poland), creating 191 bp PCR product 5  m mol/L of PNA 14-mer (clamp primer) 
binding to wild type sequence (Panagene, South Korea) and 100 nmol/L of both total and L858R 
 fl uorescent hydrolysis probes containing LNA bases (Eurogentec, Belgium) (Nagai et al.  2005  ) . For every 
PNA-LNA PCR clamp (PNA+) reaction, similar procedure without the addition of PNA oligomer was 
performed as ampli fi cation control. 

 PNA-LNA PCR clamp reactions were run with 2x Universal Probe Master Mix (Roche) in 20  m l 
of reaction volume using LightCycler 480 II thermal cycler (Roche). PCR cycling was 45 cycles of 
15 s at 95°C and 45 s at 56°C. Results were analyzed with software provided by Roche with LightCycler 
480 II. A second derivative and endpoint genotyping analysis of  fl uorescence results were performed. 
The sample was considered mutation positive if  D Cp and/or  D EF (endpoint  fl uorescence) values were 
lower than the level of a  fl uorescence signal for 1% of heterozygous mutant DNA control. 
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  Fig. 39.1     PNA-LNA PCR clamp system for detection of point mutation.  ( a ) Ampli fi cation of region of interest with 
generic primers is detected by a total probe. PNA probe and mutant probe are located at mutation site; ( b ) during 
ampli fi cation, PNA binds with high speci fi city and af fi nity to wild-type sequence only. No signal from the mutant probe 
and a high level of ampli fi cation detected, despite the presence of PNA oligomer in the reaction mixture, indicate the 
presence of rare or unknown mutation (Nagai et al.  2005  )        
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 PNA-LNA PCR clamp reaction and control reaction products were puri fi ed from deoxynucleotides, 
primers,  fl uorescent probes and PNA oligomers using GeneMATRIX PCR / DNA Clean-Up Puri fi cation 
Kit (EURx, Gdansk, Poland). Both forward and reverse strand were sequenced by BigDye Terminator 
Kit (Applied Biosystems) and capillary electrophoresis system ABi 3130xl Genetic Analyzer (Applied 
Biosystems; Genomed, Warsaw, Poland). Sequence  fl uorograms were analyzed with FinchTV 
sequence viewer (Geospiza) and MutationSurveyor ver.3.97 software (SoftGenetics).  

    39.2.2   Sample 2 

 Tissue material from pleural biopsy with histologically con fi rmed content of lung adenocarcinoma cells, 
estimated by an experienced pathologist as 35%, was referred for EGFR gene mutation analysis. 

 DNA was extracted by QiaAMP FFPE tissue DNA isolation kit (Qiagen, Hilden, Germany) and 
ampli fi ed by PCR reaction with outer primers. Due to poor ampli fi cation, nested PCR reaction and 
nested real-time PNA-LNA PCR clamp assay were performed. 

 PCR pre-ampli fi cation reaction: 5  m l of undiluted tissue DNA and of 2x PCR Ready Mix (Sigma), 
500 nmol/L of both F and R primers (Genomed SA, Warsaw, Poland)  fl anking EGFR exon 21 and 
appropriate DDW quantity were used for  fi nal reaction volume of 20  m l. PCR primers designed as 
described elsewhere (Molina-Vila et al.  2008  ) . PCR pre-ampli fi cation reactions were performed on 
PTC-200 thermal cycler (BioRad) with 25 cycles of 30 s at 95°C, 30 s at 59°C, and 1 min at 72°C. 
In all nested PCR reactions, 5  m l of  fi rst PCR product was diluted with DDW 1:1000. Nested PCR 
reaction mixture: 2xPCR Ready Mix (Sigma, St. Louis, MO), 500 nmol/L of both F and R nested 
primers  fl anking EGFR exon 21 and appropriate DDW quantity were used for  fi nal reaction volume 
of 20  m l. Reactions were performed on PTC-200 thermal cycler (BioRad) with 30 cycles of 30 s in 
95°C, 30 s at 59°C and 1 min at 72°C. Next, PCR products of all reactions were subjected to electro-
phoresis in 2% agarose gel and visualized in UV light by ethidium bromide staining. 

 For Sanger direct sequencing purposes, PCR products were enzymatically puri fi ed with ExoSAP-IT 
kit (GE Healthcare) according to the manufacturer’s instructions. For ampli fi cation of both PNA-LNA 
PCR clamp and normal PCR puri fi ed products, 5 pM of a forward or reverse primer was added. PNA-
LNA PCR clamp reactions and direct sequencing were performed and analyzed as described above.   

    39.3   Results 

 In order to comprehensively evaluate and compare PNA + and PNA-PCR clamp reactions for DNA 
sample, Cp values and EF signal were analyzed. Cp value represents the so called crossing point, i.e., the 
maximum value for the second derivative analysis of  fl uorescence curves, while endpoint  fl uorescence 
signal indicates the level of wild-type or mutant allele endpoint PCR ampli fi cation. Differences in 
Cp and EF values for PNA + and PNA- reactions were referred as  D Cp and  D EF, respectively. Both, 
 D Cp and  D EF were matched with respective data from internal control reactions performed in samples 
containing DNA from heterozygous L858R/wt H1975 cell line intermixed with wild-type allele 
(1%, 10% and 100%). 

    39.3.1   Sample 1 

 Total probe detected ampli fi cation of PCR product with no corresponding positive signal from L858R 
probe. Both,  D Cp (Table  39.1a , Fig.  39.2a ) and  D EF (Table  39.1b , Fig.  39.2b ) for PNA + and PNA- 
reaction strongly implied unidenti fi ed mutation within the analyzed exon. In order to identify variation 
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   Table 39.1    Sample 1    ( a ) total probe  D Cp and ( b )  D EF for both PNA+ and PNA− reactions implies mutation within 
PNA binding sequence in exon 21 of EGFR gene. Undiluted mutant DNA (100%), 1:10, and 1:100 of mutant to wild-
type ratio (10% and 1%, respectively) and wild-type only DNA provide internal control of analyzed sample ampli fi cation 
and therefore mutation presence; ( a )  D Cp – difference between PNA-LNA PCR clamp and PNA- control reaction Cp 
values and ( b )  D EF – difference in endpoint  fl uorescence signal in 45th cycle of PNA-LNA PCR clamp reaction and 
PNA- control reaction   

  a   Cp PNA+  Cp PNA−   D Cp   b   PNA+  PNA−   D EF 

 Sample 1  24.72  23.18   1.54   3.74  3.80   0.06  
 H1975 100%  26.55  25.93  0.62  4.10  4.12  0.02 
 H1975 10%  30.01  27.82  2.19  4.48  4.85  0.37 
 H1975 1%  33.61  28.06  5.55  4.08  4.53  0.45 
 wt  37.37  28.14  9.23  3.24  4.74  1.50 

a b

ΔC
p 

(P
N

A
+

 to
 P

N
A

-)

ΔE
F

 (
P

N
A

+
 to

 P
N

A
-)

10 1.6 Sample 1
H1975 100%
H1975 10%
H1975 1%
Wt

1.2

0.8

0.4

0.0

8

6

4

2

0

  Fig. 39.2    ( a )   D Cp and  ( b )   D EF values from PNA-LNA PCR clamp assay for Sample 1 DNA and controls  containing 
different amount of heterozygous L858R DNA intermixed with wild-type. Undiluted mutant DNA (100%), 1:10 and 1:100 
of mutant to wild-type ratio (10% and 1%, respectively), and wild-type only DNA provide internal control of the analyzed 
sample ampli fi cation and therefore of the mutation presence;   D Cp  difference between PNA + and PNA- Cp values,   D EF  
difference in endpoint  fl uorescence signal in 45th cycle of PNA-LNA PCR clamp reaction and PNA-control       

in PNA clamp binding region (codons 856–860), bidirectional Sanger sequencing of PNA-LNA PCR 
clamp reaction and of the control reaction (no PNA clamp oligomer) products were performed. Double 
mutation c.2572C>A (L858M) + c.2582T>A (L861Q) was identi fi ed in both samples. Still, analysis 
of PNA (−) reaction product showed a heterozygous sequence for both mutations (Fig.  39.3a ), while 
in allele-speci fi c PNA (+) reaction product, a homozygous sequence for both c.2572C>A (L858M) 
and c.2582C>A (L861Q) mutations was present (Fig.  39.3b ).     

    39.3.2   Sample 2 

 In PNA-LNA PCR clamp reaction,  D Cp and  D EF values for Sample 2 DNA and controls were ana-
lyzed. Total probe detected the ampli fi cation of PCR product with no corresponding positive signal 
from L858R probe. While no consistent  D Cp between PNA + and PNA- reactions was observed 
(Table  39.2a , Fig.  39.4a ),  D EF (difference in the total probe endpoint  fl uorescence values between 
PNA + and PNA- reaction) allowed sample identi fi cation as mutation positive (Table  39.2b , Fig.  39.4b ). 
The presence of unidenti fi ed variation in PNA clamp binding region (codons 856–860) was veri fi ed 
by bidirectional Sanger sequencing of allele-speci fi c clamped PCR reaction. Cytosine to Thymine 
transition signal in position c.2573 of EGFR gene was detected, but only in PNA + reaction product 
sequence (Fig.  39.5a , b). Sample analysis was repeated. In the second PNA-LNA PCR clamp reaction, 
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endpoint  fl uorescence of the total probe was consistent with the previous results (Table  39.3a , 
Fig.  39.6a ) while the second derivative analysis repeatedly showed a mutation negative signal 
(Table  39.3b , Fig.  39.6b ). Additionally, PNA-LNA PCR clamp product sequencing revealed a low 
mutated nucleotide signal in reaction with a forward primer only (Fig.  39.7 ).         

    39.4   Discussion 

 In the present study we demonstrate the effectiveness of a PNA-LNA PCR clamp method in detection 
of rare point mutations within the L858 codon of EGFR gene. The method, apart from being highly 
speci fi c and sensitive towards most frequent EGFR gene activating mutations, offers an additional 
advantage which may be important for both clinical and scienti fi c purposes. 

 The PNA-LNA PCR clamp is the only real-time PCR method allowing sequence analysis of a reaction 
product. Thus, upon receiving the inconsistent signaling from total and L858R mutation speci fi c probe it 

  Fig. 39.3     Direct sequencing of PCR reaction product  ( a )  and of PNA-LNA PCR clamp product  ( b ) demonstrate 
heterozygous c.2572C>A and c.2582T>A mutations in Sample 1 DNA. L858M + L861Q double mutation was detected 
both in forward and reverse strands       
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   Table 39.2    Sample 2 ( a ) total probe  D Cp for both PNA + and PNA- reactions implies no mutation within PNA binding 
sequence in EGFR gene exon 21 and ( b ) total probe  D EF indicates mutation in PNA binding sequence of EGFR gene 
exon 21   

  a   Cp PNA +  Cp PNA −   D Cp   b   EFPNA +  EFPNA −   D EF 

 Sample 2  30.83  24.25   6.58   2.89  3.21   0.32  
 H1975 100%  27.39  26.82  0.57  3.43  3.55  0.12 
 H1975 10%  31.03  28.66  2.37  3.38  3.68  0.30 
 H1975 1%  35.03  29.30  5.73  3.05  3.47  0.42 
 wt  –  29.17  –  2.04  3.48  1.44 

  Abbreviations as in Table  39.1   
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  Fig. 39.4    ( a )   D Cp values from PNA-LNA PCR clamp assay for Sample 2 DNA  and controls containing different 
amount of heterozygous L858R/wt H1975 cell line DNA intermixed with wild-type and ( b )   D EF values from PNA-
LNA PCR clamp assay for Sample 2 DNA  and controls containing different amount of heterozygous L858R DNA 
intermixed with wild-type. Abbreviations as in Fig.  39.2a , b, respectively       

was possible to recon fi rm the real-time PCR results by direct sequencing and reveal two missense 
mutations c.2572C>A(p.L858M) and c.2573C>T (p.L858P). In the current literature, there are only 
few reports concerning both L858M and L858P mutations, all of them diagnosed by Sanger sequencing 
(Tam et al.  2006 ; Chen et al.  2011 ; Wu et al.  2011  ) . It is due to the fact that most molecular probes-based 
PCR methods detect only limited number of speci fi c mutations, whereas direct sequencing reveals all 
abnormalities within the analyzed sequence, including rare and unknown mutations. As mentioned 
above, in this aspect the PNA-LNA PCR clamp offers a unique opportunity of its product reanalysis 
by sequencing. 

 Meanwhile, most known clinically relevant EGFR activating mutations are clustered in mutational 
hotspots within exon 19 and 21. Consequently, the PNA-LNA PCR clamp is the only PCR based 
method enabling both fast and reliable EGFR gene mutation diagnosis and sensitive detection of rare 
mutation if combined with direct sequencing. In addition, in routine laboratory diagnostics it is 
considerably more cost- and time effective (basic wild-type/mutation genotyping on isolated tumor 
DNA in less than 2–3 h) than Sanger sequencing (usually 2–3 days). Therefore, in our opinion, the 
PNA-LNA PCR clamp is an optimal method for the detection of EGFR mutations. Our data strongly 
suggest that the PNA-LNA PCR clamp method allows detecting any mutation in PNA clamp binding 
sequences (14–18 nt) located in most variable locations of exons 18–21. 

 Interestingly, in one of the presented cases L858M mutation was paired with L861Q mutation 
(c. 2582T>A). A similar observation was previously demonstrated only by Tam et al.  (  2006  ) . 
Likewise, reported frequency of double EGFR gene mutations in exons 18–21 is rather low 3–13% 
(Zhang et al.  2007 ; Tam et al.  2006  ) . Most often, double mutations were found  in cis  form, i.e., both 
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   Table 39.3    Sample 2 ( a ) total probe  D Cp in repeated PNA-LNA PCR clamp analysis demonstrates no consistent 
differences within PNA binding sequence in EGFR gene exon 21 and ( b ) total probe  D EF in repeated PNA-LNA PCR 
analysis demonstrates no consistent differences between both reactions   

  a   Cp PNA +  Cp PNA −   D Cp   b   PNA +  PNA −   D EF 

 Sample 2  27.86  19.46   8.40   3.17  3.42   0.25  
 H1975 10%  30.93  28.69  2.24  3.34  3.38  0.04 
 H1975 1%  34.62  29.47  5.15  2.99  3.34  0.35 
 wt  38.01  29.44  8.57  2.31  3.35  1.24 

  Abbreviations as in Table  39.1a , b, respectively  

wild type and mutated alleles were present. Tam et al.  (  2006  )  con fi rmed L858M and L861Q double 
mutations within the same allele ( in cis ) by subcloning and direct sequencing cDNA of EGFR tran-
script isolated from tumor tissue. In both cases, the second allele was wild-type. As the PNA-LNA 
PCR clamp method preferentially ampli fi es L858 codon mutant allele but not L861 codon mutant allele, 
we were able to detect both mutations within the same gene copy. Sequencing of the PNA(−) PCR 

  Fig. 39.5    ( a )  Direct sequencing of PNA-LNA PCR clamp product  demonstrates both c.2573T>mutation and wild 
type allele in Sample 2 DNA; mutation was present in both forward and reverse strands. ( b )  Direct sequencing of PCR 
reaction product  demonstrates presence of wild-type sequence only in Sample 2 DNA; Reaction was repeated       
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  Fig. 39.6      D Cp  ( a )  and  D EF  ( b )  values from repeated PNA-LNA PCR clamp assay for Sample 2 DNA and con-
trols  containing different amount of heterozygous L858R DNA intermixed with wild-type. Abbreviations as in 
Fig.  39.2a , b, respectively       

reaction product revealed heterozygous genotype for both L858M and L861Q mutations strongly 
suggesting that the other allele was wild-type. 

 Clinical relevance of L858M and L861Q double mutation is unknown. However, according to the 
literature, L861Q up-regulates EGFR kinase domain activation and decreases receptor sensitivity 
towards reversible TKI (Kancha et al.  2011  ) . In L858M mutation, non-polar leucine is switched into 
the non-polar methionine, hence any signi fi cant structural changes within the EGFR protein structure 
would be unlikely. 

 In contrast to the mutations discussed above, preliminary results of the PNA-LNA PCR clamp and 
direct sequencing molecular analysis suggesting the c.2572C>T missense transition in Sample 2 were 

  Fig. 39.7     Direct sequencing of repeated PNA-LNA PCR clamp reaction product  demonstrates both low level of 
c.2573T>mutation signal and wild type allele in Sample 2 DNA; mutation was present in forward strand, but not in 
reverse strand       
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not consistently con fi rmed by the repeated sample evaluation. While L858P mutation was detected by 
two independent PCR assays, thus proving that low level of mutant allele existed within total allele 
pool, the direct sequencing analyses were not similar. Although L858P mutation was reported by Wu 
et al.  (  2011  ) , we believe that c.2572C>T transition revealed in this particular sample was most likely 
artifactual. The material referred for molecular analysis consisted of low-volume FFPE tissue and 
provided only low-concentrated and poorly ampli fi able DNA sample. Although the PNA-LNA PCR 
clamp method allows a reliable examination of low-quality materials, DNA from FFPE samples, in 
particular small ones, are prone to PCR ampli fi cation of artifactual mutations. Formalin  fi xation 
strongly affects DNA quality, generating, e.g., cytosine and adenine deaminations. An error rate for 
Taq polymerase in ampli fi cation of DNA reported for FFPE samples was much higher than its standard 
base miscorporation frequency. It has been implied that Taq polymerase, incorporates A instead of G 
located opposite to damaged cytosine leading to G>A transitions and consequently C>T artifactual 
changes (so-called ‘A-rule’) (Williams et al.  1999  ) . Likewise, deamination of adenine results in 
hypoxanthine residues and in A→G/T→C transitions (Marchetti et al.  2006  ) . 

 Consequently, it should be emphasized that superior sensitivity of the PNA-LNA PCR clamping, 
crucial for its unique diagnostic effectiveness, increases the risk of a very low signal detection, e.g., 
generated by a small pool of mutated allele. In an experimental setting, the PNA-LNA PCR clamp 
method has shown exceptional sensitivity in detecting mutant allele at the wild-type background with 
1:2,000 ratio (1 allele in 1,000 of diploid human genome copies) (Nagai et al.  2005  ) . Its reliability has 
been also demonstrated in clinics. Tanaka et al.  (  2007,   2010  )  evaluated the EGFR mutation status in 
variety of cytological specimens (bronchoscopy specimens, pleural effusion, sputum, and pericardial 
effusion) and in paraf fi n-embedded tissues with 97% sensitivity and 100% speci fi city. Therefore, the 
reliable method validation and good quality, and a repetitive intralaboratory control of  fi nal results are 
prerequisite for the successful EGFR mutation diagnostics.      

   Con fl icts of interest     :  The authors declare no con fl icts of interest in relation to this article.  
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  Abstract   Lung cancer is recognized among the most frequent causes of paraneoplastic neurological 
syndromes (PNS). Neurological syndromes in subjects with systemic malignancy remain a clinical and 
diagnostic challenge. The aim of the study was to evaluate the frequency of NPS, their clinical 
manifestation and association with onconeural antibodies in patients with lung cancer. Fifty patients 
hospitalized with the diagnosis of PNS participated in the study. Neurological evaluation consisted of 
the Rankin scale (mRS), the Barthel index (BI), and testing for the presence of onconeural antibodies 
by means of indirect immuno fl uorescence, as screening, and Western blotting as con fi rmation. The 
majority of lung cancer patients (64%) aged 62 ± 10 had NPS symptoms. Their neurological condition 
and daily living activities were reasonable: mRS (1.0; 0.0–4.0) and BI (100; 7.4–100) scores. 
Classical PNS were found in 30% of cases and included sensory neuropathy (16%), paraneoplastic 
cerebellar degeneration (12%) as the most frequent symptoms. Autoimmune reaction was observed in 
42% of lung cancer patients and in 20% was represented by well-characterized onconeural antibodies. 
Anti-Hu antibody was identi fi ed as the most frequent. In conclusion, PNS signs in lung cancer 
patients have both classical and non-classical features. In the course of SCLC only well-characterized 
onconeural antibodies were identi fi ed. The presence of well-characterized onconeural antibodies is 
strongly associated with classical features of PNS.  

  Keywords   Lung cancer  •  Onconeural antibodies  •  Paraneoplastic neurological syndromes  
•  Malignancy  •  Barthel index  •  Sensory neuropathy  •  Autoimmune reaction    
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    40.1   Introduction 

 Clinical manifestations caused by indirect effects of systemic malignancy, with exclusion of metastases, 
compression or in fi ltration, are paraneoplastic neurological syndromes (PNS). Currently used diagnostic 
criteria take into consideration two important notions: classical paraneoplastic neurological syndromes 
and well-characterized onconeural antibodies (Graus et al.  2004  ) . Limbic encephalitis, paraneoplastic 
cerebellar degeneration, Lambert-Eaton myasthenic syndrome, subacute sensory neuropathy, opsoclonus/
myoclonus syndrome, and dermatomyositis are recognized as classical PNS, because their presence 
strongly suggests association with malignancy. Detection of anti-Hu, anti-Yo, anti-Ri, anti-Ma/Ta, anti-
CRMP-5, anti-amphiphysin antibodies enables a de fi nite PNS diagnosis, even if the underlying malig-
nancy is not identi fi ed. For that reason, such a group of antibodies was described as ‘well-characterized’ 
(Graus et al.  2004  ) . However, the de fi nite PNS diagnosis is also possible if neurological de fi cit has non-
classical features in a patient with already diagnosed cancer. On the other hand, by means of indirect 
immuno fl uorescence used as a screening test for detection of onconeural antibodies, a spectrum of posi-
tive reactions can be observed including: anti-Tr, anti-myelin, anti-myelin-associated glycoprotein 
(anti-MAG), anti-glutamic acid decarboxylase (anti-GAD), anti-neuroendothelium, anti-gangliosides or 
anti-glial  fi brillary acid protein (anti-GFAP). The clinical signi fi cance of not well-characterized antibodies 
remains unclear. Currently, accepted hypothesis of the immune-mediated pathomechanism of paraneo-
plastic neurological syndromes focuses on the cell-mediated response. However, onconeural antibodies 
are widely used in laboratory PNS diagnosis. There are data indicating that humoral response may be 
less an important pathomechanism in the development of PNS. First, the majority of target antigens have 
intracellular localization that theoretically makes them inaccessible to antibodies. In animal models, a 
passive transfer of immunoglobulins from patients with PNS leads to the  fi nding that onconeural anti-
bodies are not the only cause of PNS (Tanaka et al.  1994  ) . Second, clinical studies show that treatment 
with intravenous immunoglobulins may not always be effective, which underscores the complexity of 
the PNS pathomechanisms. In lung cancer with a coexisting Lambert-Eaton myasthenic syndrome with 
paraneoplastic cerebellar degeneration, immunomodulating treatment leads to improvement of myas-
thenic symptoms, while the cerebellar signs persist (Graus et al.  2002  ) . The cell-mediated immune 
response may be more important in the PNS pathogenesis. The pro fi le of cells detected in cerebrospinal 
 fl uid (CD8 + , CD4 +  lymphocytes, NK cells, and B lymphocytes) of patients with ‘anti-Hu’ syndrome, 
associated frequently with small-cell lung cancer (SCLC), indicates the role of T lymphocytes and natural 
killer cells (de Graaf et al.  2008  ) . Cytotoxic effects of CD8 +  T cells, mediating non-apoptotic death of 
neurons, suggest that the presence of onconeural antibodies may be considered as a bystander effect 
(Bernal et al.  2002  ) . On the other hand, experimental studies suggest the non-immune-mediated mecha-
nisms involved in indirect effects of systemic malignancy on the nervous system (Michalak et al.  2006a, 
  b,   2007  ) . Blood–brain barrier disruption has also been shown as an important component of the PNS 
pathology (Greenlee et al.  1995 ; Michalak et al.  2010  ) . Lung cancer is recognized as one of the most 
frequent malignancy associated with classical and non-classical paraneoplastic neurological syndromes 
(Gozzard and Maddison  2010  ) . 

 With the above outlined background in mind we have undertaken the study on paraneoplastic neu-
rological syndromes in lung cancer patients. The aim of the study was to evaluate the frequency, clinical 
PNS manifestation, and association with well-characterized onconeural antibodies and other autoim-
mune reactions in such patients.  

    40.2   Methods 

 The study protocol was accepted by the Ethics Committee of the University of Medical Sciences in 
Poznan, Poland and each recruited participant gave the informed consent. 
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 Fifty consecutive lung cancer patients (28 males, 22 females, ratio 1.3:1), mean age 62 ± 10 years, with 
the PNS diagnosis hospitalized in the Department of Pulmonology ,  Allergology and Respiratory Oncology, 
at Poznan University of Medical Science and at a Neurological Clinic participated in the study. Neurological 
examination and evaluation were performed by a neurologist with the use of a modi fi ed Rankin scale 
(mRS) and Barthel index (BI). Testing for the presence of onconeural antibodies was performed by 
means of indirect immuno fl uorescence, as a screening, and Western blotting (EUROIMMUN, Germany), 
as con fi rmatory test in all cases. Neuroimaging, neurophysiological, cerebrospinal  fl uid examination, and 
other laboratory tests were performed as required for differential diagnosis. 

 Data were presented as means ± SD. The distribution of results was analyzed with the D’Agostino-
Pearson test. The differences between variables with the Gaussian distribution were evaluated with a 
variance ratio test (F-test) and in case of non-Gaussian distribution, with a non-parametric Mann–
Whitney  U  test. Statistical analysis was performed with the use of licensed MedCalc software.  

    40.3   Results 

 The demographic and clinimetric data of patients are showed in Table  40.1 . No statistically signi fi cant 
differences in the age, mRs and BI index scores were found between the male and female patients 
with lung cancer.  

 In 64% of the lung cancer patients we found signs of neurological de fi cits (Fig.  40.1 ). Classical 
paraneoplastic neurological syndromes were diagnosed in 30% of patients and included sensory neu-
ropathy (16%), paraneoplastic cerebellar degeneration (12%), and the Lambert-Eaton myasthenic 
syndrome (2%). Coexisting PNS manifested in 4% of the subjects: in 2% sensory neuropathy coex-
isted with limbic encephalitis and paraneoplastic cerebellar degeneration and in another 2% limbic 
encephalitis was associated with neuropathy. Non-classical PNS manifested as a motor neuron 
disease (8%), upper motor neuron syndrome (8%), neuropathy (6%), sensomotoric neuropathy (4%), 
polymyositis (2%), dementia (2%), and bulbar syndrome (2%).  

 Autoimmune reaction was detected in 42% of lung cancer patients (Fig.  40.2 ) and in 20% was 
represented by well-characterized antibodies. Among these antibodies, anti-Hu antibody was found in 
16% of subjects; but only in 2% as a single antibody, in 12% as one of two antibodies, and in 2% as 
one of three coexisting antibodies. Anti-Hu antibody coexisted in 6% of cases with anti-amphiphysin 
and in 4% with anti-Ma/Ta antibodies. In 2% of patients, anti-amphiphysin was a single antibody and 
in 6% as one of two antibodies. Anti-Ri was found in 2% as a single one and in 2% as one of two 
coexisting antibodies. Anti-Ma/Ta was detected only as coexisting antibodies: in 2% of patients as 
one of two and in 2% as one of three antibodies. Also, anti-CV-2 was found only as one of three coex-
isting antibodies in 2% of cases.  

 Autoimmunity not related to the well-characterized antibodies included anti-Myelin associated 
glycoprotein (anti-MAG) (6%), anti-myelin (4%), anti-neuroendothelium (4%), anti-glial  fi brillary 
acid protein (anti-GFAP) (2%), and anti-nuclear antibodies (ANA) (2%). 

   Table 40.1    Demographic 
and clinimetric data of lung 
cancer patients   

 Total  Males  Females 

 Age (years)  62 ± 10  67 ± 10  57 ± 9 
 mRS (median; 

interquartile range) 
 1.0  1.0  2.0 
 0.0–4.0  1.0–2.0  1.0–2.0 

 BI (median; interquartile 
range) 

 100.0  100.0  97.50 
 7.4–100  88.8–100  90.0–100 

  Values are means ± SD 
  mRS  modi fi ed Rankin scale,  BI  Barthel Index  
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 Among the small-cell lung cancer patients (14 cases), 50% manifested symptoms of both classical 
and non-classical PNS associated only with the presence of the well-characterized onconeural anti-
bodies. In the non-SCLC patients (20 cases), 65% had symptoms of classical as well as non-classical 

  Fig. 40.1     Paraneoplastic neurological syndromes in lung cancer patients.   LEMS  Lambert-Eaton myasthenic 
syndrome,  MND  motor neuron disease,  NP  neuropathy,  PCD  paraneoplastic cerebellar degeneration,  SMN  sensomo-
toric neuropathy,  UMNS  upper motor neuron syndrome       

  Fig. 40.2     Spectrum of antibodies detected in lung cancer patients.   ANA  antinuclear antibodies,  GFAP  antiglial 
 fi brillary acid protein,  MAG  antimyelin associated glycoprotein,  NE  antineuroendothelium       
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PNS and both well-characterized onconeural antibodies and not well-characterized antibodies were 
detected (Table  40.2 ). The patients with non-de fi ned histological types of lung cancer (16 cases) 
presented a spectrum of classical (75%) and non-classical PNS associated with both well-characterized 
and not-well-characterized antibodies (Table  40.2 ). An interesting observation in the last group was 
the Lambert-Eaton myasthenic syndrome coexisting anti-Hu and anti-aquaporin antibodies. Sixty 
seven percent of patients with well-characterized antibodies manifested signs of classical PNS which 
were observed just in 27% of cases with not well-characterized antibodies.   

    40.4   Discussion 

 In the present study on paraneoplastic neurological syndromes we noted a high prevalence of indirect 
effects of malignancy on the nervous system in lung cancer patients. Clinical manifestations observed 
in small-cell lung cancer as well as in non-small-cell lung cancer or not de fi ned neoplasms had clinical 
features of classical and non-classical PNS. An important observation was the association of small-
cell lung cancer only with coexisting well-characterized onconeural antibodies (anti-Hu and anti-
amphiphysin). In other groups of lung cancer patients, a broad spectrum of antibodies was found. Our 
study showed a high prevalence of coexisting antibodies, with anti-Hu as the most frequent antibody. 
This  fi nding is in concordance with the results from other studies. Monstad et al.  (  2009  )  in a study on 
onconeural antibodies in patients with various types of tumors also found anti-Hu as the most frequent 
antibody (22.5%) in lung cancer. This percentage is higher than that observed in the present study 
(16%); however, both studies were concerned with different populations of patients. Monstad et al. 
 (  2009  )  selected only small-cell lung cancer subjects. Small-cell lung cancer patients formed the largest 
group with onconeural antibodies (28.5%) among other malignancies. In that study a spectrum of 
onconeural antibodies identical to those found in the present study was observed in lung cancer 
patients and included anti-amphiphysin, anti-Ri and anti-Ma/Ta. Monstad et al.  (  2009  )  also found one 
case with anti-Yo antibodies; the case not observed in our patients. A percentage of coexisting anti-
bodies reported by the authors was similar to that found in the present study, as also were double 
antibodies in lung cancer patients more frequent than in other types of tumors. Other studies on anti-
bodies in lung cancer patients identi fi ed anti-Hu (Graus et al.  1985 ; Monstad et al.  2004  ) , anti-Ri 
(Pittock et al.  2003 ; Knudsen et al.  2006  ) , anti-CV2 (Yu et al.  2001 ; Monstad et al.  2008  ) , and anti-
amphiphysin (Antoine et al.  1999 ; Pittock et al.  2005  ) . Among other antibodies detected in lung cancer, 
anti-SOX (Tschernatsch et al.  2010  ) , anti-VGCC (anti-voltage gated calcium channels) (Monstad 
et al.  2004  ) , anti-AMPA (Lai et al.  2009  ) , anti-GABA (Lancaster et al.  2010  ) , and anti-aquaporin 
(Pittock and Lennon  2008  )  were observed. Anti-aquaporin antibodies are currently used for the 
diagnosis of neuromyelitis optica and their paraneoplastic context has not been widely studied. 

   Table 40.2    Associations between types of lung cancer, PNS and antibodies   

 Type of cancer  PNS  Antibody 

 SCLC  50%  6% (coexisting anti-Hu & anti-
amphiphysin)  (PCD/SN/UMNS) 

 Non-SCLC  65%  10% (anti-Hu/ anti-amphiphysin/ 
anti-Ma/Ta) 

 (PCD/LE/SN/N/UMNS)  40% (anti-MAG/anti-GFAP/anti-myelin/
anti-neuroendothelium/ANA) 

 Non-de fi ned  75%  31% (anti-Hu/anti-Ri/anti-Ma/Ta/
anti-CV2/) 

 (LEMS/SN/LE/Dementia/
MND/N/Polymyositis/Bulbar) 

 19% (anti-aquaporin/anti-MAG/
anti-myelin/anti-neuroendothelium) 
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In our study one of the patients with the Lambert-Eaton myasthenic syndrome had both anti-Hu and 
anti-aquaporin antibodies in the course of lung cancer. The prevalence of anti-aquaporin antibodies 
can be underestimated in clinical settings, because the laboratory tests are not widely used. 

 In the group of patients with well-characterized antibodies we found a high prevalence of classical 
PNS. In a study by Monstad et al.  (  2009  ) , no neurological de fi cit was observed in small-cell lung 
cancer patients with onconeural antibodies; however, the authors did not exclude the possibility of 
minor signs and a limitation of that study was that the patients were not examined by a neurologist. 
In our study, all patients were examined by a quali fi ed neurologist and neuroimaging, neurophysio-
logical examination or other speci fi c diagnostic procedures were ordered if needed for differential 
diagnosis. 

 Among classical PNS, the Lambert-Eaton myasthenic syndrome is strongly associated with lung 
cancer, as 50–60% of these patients have underlying small-cell lung cancer (O’Neill et al.  1988  ) . 
Lung cancer has also been identi fi ed as the most frequent cause of paraneoplastic limbic encephalitis 
(Gultekin et al.  2000  ) . Other associations between classical PNS and lung cancer include: paraneo-
plastic cerebellar degeneration, subacute sensory neuropathy, chronic gastrointestinal pseudo-obstruction, 
opsoclonus-myoclonus syndrome (Gozzard and Maddison  2010  ) . However, also non-classical PNS 
manifestations have been reported in the course of lung cancer: brainstem encephalitis, acquired 
peripheral nerve hyperexcitability syndrome or stiff person syndrome (Gozzard and Maddison  2010  ) . 
In our study we observed both classical and non-classical PNS, but the strong association between 
classical PNS and well-characterized onconeural antibodies is particularly noteworthy.  

    40.5   Conclusions 

 To conclude paraneoplastic neurological syndromes are associated with majority of lung cancers and 
may have both classical and non-classical features. In small-cell lung cancer patients only well-characterized 
onconeural antibodies were identi fi ed. In other groups of patients both well-characterized and other 
autoantibodies were detected as well as coexistance of antibodies was observed. The presence of well-
characterized onconeural antibodies is strongly associated with classical features of PNS.      

   Con fl icts of interest     :  The authors declare no con fl icts of interest in relation to this article.  
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  Abstract   As in fl ammation plays an important role in the pathogenesis of neonatal meconium 
aspiration syndrome (MAS), anti-in fl ammatory agents including inhibitors of phosphodiesterases 
(PDE) are increasingly used in the treatment. To evaluate side effects of PDE inhibitors, this study 
analyzed changes in blood pressure, heart rate (HR) and heart rate variability (HRV) during and after 
intravenous aminophylline in the animal model of MAS. Oxygen-ventilated rabbits were given meco-
nium intratracheally (25 mg/ml, 4 ml/kg) or saline. Thirty minutes later, the animals were treated by 
intravenous aminophylline (Syntophyllin, 2 mg/kg) or saline (sham-treated controls). A second dose 
of the treatment was given 2 h later. During (5 min) and immediately after (5 min) the treatment, and 
during 5 h after the treatment, mean blood pressure in the femoral artery (MAP), HR and HRV were 
evaluated. In meconium-instilled animals, increases in MABP, HR, and HRV were observed already 
5 min after aminophylline administration, while in saline-instilled animals aminophylline increased 
HR and caused inconsistant changes in HRV parameters compared to sham-treated animals. Within 
5 h after the treatment administration, MAP, HR, and HRV parameters gradually returned to the initial 
values. Concluding, intravenous aminophylline may lead to acute cardiovascular changes. Thus, if 
aminophylline is used for treatment of MAS, its possible cardiovascular effects should be considered, 
particularly in patients with cardiovascular instability.  

  Keywords   Meconium  •  Aspiration  •  Aminophylline • Phosphodiesterase  •  Cardiovascular system  
•  In fl ammation  •  Heart rate variability    

    41.1   Introduction 

 Meconium aspiration syndrome (MAS) is a serious cause of respiratory insuf fi ciency in the term and 
post-term newborns. Aspirated meconium may cause airway obstruction, dysfunction of pulmonary 
surfactant, in fl ammation, pulmonary vasoconstriction and lung edema. In the treatment of the disease, 
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anti-in fl ammatory agents, e.g., inhibitors of phosphodiesterases have been increasingly used 
(Shekerdemian et al.  2002 ; Korhonen et al.  2004 ; Bassler et al.  2006  ) , besides the use of exogenous 
surfactant and pulmonary vasodilators (Mokra and Mokry  2010  ) . Although administration of PDE 
inhibitors may lead to valuable improvement in lung functions, it may be associated with severe 
cardiovascular effects (Minton and Henry  1996 ; Fakioglu et al.  2004  ) . Paradoxically, despite a grow-
ing use of PDE inhibitors for treatment of MAS, there is no information up to now on their possible 
side effects on cardiovascular function in MAS. It is also alarming that acute cardiovascular changes 
caused by the treatment may be critical for meconium-aspirated newborns with cardiovascular insta-
bility, who represent a big portion of patients with MAS. 

 The aim of this pilot study was to investigate an in fl uence of intravenous administration of the non-
selective PDE inhibitor aminophylline on cardiovascular functions in saline- and meconium-instilled 
rabbits during and after aminophylline, and within 5 h after its administration. To assess acute cardiovas-
cular changes, blood pressure in femoral artery, heart rate, and heart rate variability were evaluated.  

    41.2   Methods 

    41.2.1   Design of Experiments 

 The animals used in experiments were cared for in accordance with the Guide for Care and Use of 
Experimental Animals and the design of experiments was approved by a local Ethics Committee of 
Jessenius Faculty of Medicine in Martin, Slovakia. Adult rabbits (chinchilla) of 2.5 ± 0.3 kg were 
anesthetized with intramuscular ketamine (20 mg/kg; Narketan, Vétoquinol, UK) and xylazine 
(5 mg/kg; Xylariem, Riemser, Germany), followed by continuous infusion of ketamine (20 mg/kg/h). 
Tracheotomy was performed and catheters were inserted into a femoral artery and the right atrium for 
blood sampling, and into a femoral vein to administer anesthetics. The animals were then paralyzed 
with pipecuronium bromide (0.3 mg/kg; Arduan, Gedeon Richter, Hungary) and subjected to pressure-
controlled ventilator (Beat-2, Chirana, Slovakia). All animals were ventilated with a frequency of 30/
min, fraction of inspired oxygen (FiO 

2
 ) of 0.21, inspiration time Ti 50%, peak inspiratory pressure 

(PIP) to keep a tidal volume (V 
T
 ) between 7 and 9 ml/kg and no positive end-expiratory pressure 

(PEEP) at this stage of experiment. 
 After stabilization, cardiopulmonary parameters were recorded and the blood gases were analyzed. 

Then, the rabbits obtained intratracheally 4 ml/kg of suspension of human meconium (Mec; 25 mg/ml) 
or saline (Sal). From this moment on, the animals were ventilated with FiO 

2
  1.0 and PEEP 0.3 kPa. 

In the meconium-instilled animals, respiratory failure developed within 30 min, de fi ned as >30% 
decrease in dynamic lung-thorax compliance (C 

dyn
 ) and PaO 

2
  < 10 kPa at FiO 

2
  1.0. After recording the 

parameters, 0.5 and 2.5 h after meconium or saline instillation the animals received intravenously two 
doses of aminophylline (Amin; 2.0 mg/kg each, diluted in saline up to a total volume of 1 ml; 
Syntophyllin, Hoechst-Biotika, SR) (Mec + Amin group, n = 6, and Sal + Amin group, n = 4) or the 
same volume of saline (referred to as sham-treated animals; Mec + Sal group, n = 6, and Sal + Sal 
group, n = 4). Aminophylline or saline was given over a period of 5 min. Immediate cardiovascular 
changes associated with treatment were evaluated during the 5-min interval of drug administration 
(A1 for the  fi rst dose and A2 for the second dose) and within 5-min post-administration interval 
(PA1 for the  fi rst dose and PA2 for the second dose) (Fig.  41.1 ). All animals were oxygen-ventilated 
for additional 5 h after the  fi rst dose of treatment and cardiovascular parameters were recorded at 0.5, 
1, 2, 3, 4, and 5 h to investigate early effects of the treatment. At the end of experiments, animals were 
killed by an overdose of anesthetics.   
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    41.2.2   Evaluations of Cardiopulmonary Parameters 

 Tracheal air fl ow and V 
T
  were measured by a Fleisch head connected to a pneumotachograph. Airway 

pressure was registered  via  a pneumatic catheter placed in the tracheal tube and connected to electro-
manometer. C

dyn
 was calculated as a ratio between V 

T
  adjusted per kg and airway pressure gradient 

(PIP-PEEP). 
 Systolic (SBP) and diastolic (DBP) blood pressures were measured  via  a catheter in the femoral 

artery connected to electromanometer, and the mean arterial blood pressure (MAP) was calculated as 
MAP = DP + 1/3 (SP−DP). Heart rate (HR) was obtained from ECG recorded by subcutaneous electrodes. 

 Heart rate variability (HRV) expressing  fl uctuations of the heart rate around its average value is a 
sensitive marker of activity of the autonomic (parasympathetic and sympathetic) control mechanisms 
of the heart (Moguilevski et al.  1996  ) . HRV was evaluated using computer system (VariaPulse TF3, 
Sima Media, Czech Republic). Parameter of time analysis, mean squared successive difference (MSSD), 
and spectral powers in low frequency (LF: 0.05–0.15 Hz) and high frequency (HF: 0.15–2.0 Hz) 
bands were evaluated. 

 Data were tested for normality of distribution by Kolmogorov-Smirnov test. Since distribution of 
some HRV variables (spectral powers) was extremely skewed, logarithmic transformation data was 
used to improve normality before statistical analysis was performed. Then, between-group differences 
were analyzed by ANOVA with a  post-hoc  LSD test. Within-group differences were evaluated by a 
Wilcoxon test. A p < 0.05 was considered statistically signi fi cant. Data are expressed as means ± SE.   

    41.3   Results 

 Body weight and initial values of all cardiopulmonary parameters were comparable between the 
groups before intratracheal instillation of meconium/saline. Analysis of the 5-min long interval of the 
 fi rst dose of treatment administration (A1) and of the 5-min long interval immediately after the admin-
istration (PA1) showed an acute increase in MAP and HR in both aminophylline-treated groups 
(Mec + Amin and Sal + Amin), while changes in MAP were more obvious in Mec + Amin group and 

  Fig. 41.1    Scheme of treatment administration and measurements during experiments       
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those in HR more visible in Sal + Amin group. A similar trend to increase MAP and HR was also 
observed during and after administration of the second dose of treatment (intervals A2 and PA2) 2 h 
later (Table  41.1 ).  

 Together with increases in MAP and HR we observed an increase in the two selected parameters 
of HRV: logarithmic expression of spectral power in high frequency band (log HF) and mean squared 
successive difference (MSSD), which are markers of vagal (parasympathetic) regulation of heart 
activity. Both of them increased already during, and particularly 5 min after administration of amino-
phylline, explicitely in the meconium-instilled animals (Table  41.1 ). At the end of experiments, the 
values of MAP, HR, and HRV gradually returned to the levels comparable with the sham-treated 
controls (Table  41.2 ).   

    41.4   Discussion 

 Treatment with anti-in fl ammatory drugs, e.g., inhibitors of phosphodiesterases (PDE), may be associated 
with serious adverse effects. This study was performed to evaluate short-term cardiovascular effects 
of non-selective PDE inhibitor aminophylline in the condition of experimental MAS. The results 
showed that intravenous administration of aminophylline may lead to acute increase in blood pres-
sure, heart rate, and heart rate variability. 

 Aminophylline is a mixture of theophylline and ethylenediamine, improving theophylline water-
solubility. Aminophylline as a representant of methylxanthines acts as a non-selective PDE inhibitor 
increasing cAMP and cGMP and decreasing concentrations of intracellular calcium, acetylcholine, 

   Table 41.1    Mean arterial blood pressure, heart rate, and heart rate variability parameters before, during (A) and 
immediately post-administration (P) of the  fi rst (1) and second (2) dose of treatment   

 Before 1  A1  PA1  Before 2  A2  PA2 

  Mean arterial blood pressure  (MAP, kPa) 
 Sal + Sal  8.2 ± 0.8  8.5 ± 0.9  9.0 ± 1.0 *   8.8 ± 0.8  8.6 ± 0.9  8.7 ± 0.9 
 Sal + Amin  7.2 ± 0.2  7.7 ± 0.4  8.5 ± 0.7 *   7.3 ± 0.6  7.5 ± 0.8  8.3 ± 0.9 
 Mec + Sal  8.5 ± 0.7  8.3 ± 0.7  8.3 ± 0.7 **   7.5 ± 0.5  7.6 ± 0.5  7.8 ± 0.4 *  
 Mec + Amin  8.0 ± 0.4  9.1 ± 0.8   11.4 ± 0.8   8.3 ± 0.8  9.5 ± 1.2   10.1 ± 1.0  

  Heart rate  (HR, bpm) 
 Sal + Sal  211 ± 11  215 ± 10  210 ± 8 *   230 ± 16  230 ± 17  229 ± 17 
 Sal + Amin  234 ± 17  247 ± 21   253 ± 17   255 ± 29  265 ± 31  264 ± 27 
 Mec + Sal  214 ± 14  212 ± 11  208 ± 10 *   232 ± 17  234 ± 16  234 ± 16 
 Mec + Amin  212 ± 8  226 ± 10  223 ± 9  216 ± 10  227 ± 12  222 ± 19 

  Log HF  (ms 2 ) 
 Sal + Sal  0.4 ± 0.1  0.4 ± 0.2 **   0.6 ± 0.1 **   0.3 ± 0.3  0.4 ± 0.2  0.5 ± 0.2 *  
 Sal + Amin   −0.8 ± 0.2    −1.7 ± 0.4   −0.5 ± 0.5 ***   −0.7 ± 0.8  −0.8 ± 0.6  0.2 ± 0.9 **  
 Mec + Sal  0.7 ± 0.2 *   0.3 ± 0.2 **   0.4 ± 0.3 ***   0.5 ± 0.1 *   0.4 ± 0.1 *   0.9 ± 0.1 *  
 Mec + Amin  0.6 ± 0.5 *   0.2 ± 0.3 **    2.4 ± 0.4   1.1 ± 0.2 **   0.7 ± 0.4 *    2.3 ± 0.5  

  MSSD  (ms 2 ) 
 Sal + Sal  1.8 ± 0.5  1.6 ± 0.7  1.5 ± 0.6 ***   2.0 ± 0.1  1.9 ± 0.1  1.9 ± 0.1 *  
 Sal + Amin  1.4 ± 0.4  1.3 ± 0.4  1.3 ± 0.1 ***   1.1 ± 0.7  1.7 ± 0.5  2.3 ± 1.0 *  
 Mec + Sal  2.4 ± 0.5  3.8 ± 0.8  3.0 ± 0.7 ***   1.5 ± 0.2  2.3 ± 0.4  2.5 ± 0.7 *  
 Mec + Amin  2.5 ± 0.4  5.9 ± 3.1   8.2 ± 1.2   1.4 ± 0.8  7.3 ± 1.2   9.3 ± 1.5  

   Mec  meconium,  Sal  saline,  Amin  aminophylline,  Log HF  logarithmic expression of spectral power in high frequency 
band,  MSSD  mean squared successive difference 
 For Mec + Amin and Sal + Amin (indicated by bold)  vs.  other groups:  * p < 0.05;  ** p < 0.01;  *** p < 0.001  
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and monoamines, which results in bronchodilation and vasodilation, and several other anti-in fl ammatory 
effects. In addition, aminophylline acts also as a competitive antagonist of adenosine receptors and 
some actions, e.g., bronchodilation, are mediated also through these mechanisms (Barnes  2003 ; Salari 
et al.  2005  ) . 

 Besides therapeutic effects, cardiovascular effects of aminophylline such as tachycardia, hyperten-
sion, and generation of extrasystoles were described previously (Gilman et al.  1990 ; Marks et al. 
 1999  ) . In our study, intravenous administration of aminophylline increased arterial blood pressure, 
heart rate, and HRV; the last effect concerned predominantly parasympathetic activity. These changes 
were observed in meconium-instilled rabbits already during the time of aminophyline administration, 
but they were even more expressed immediately after completion of administration, while increased 
HRV lasted for several hours after administration of the  fi rst dose of aminophylline. Similar results 
were previously found also in ventilated newborns with severe RDS (Kibblewhite and Sleigh  1996  ) , 
where i.v. aminophylline increased heart rate and some parameters of HRV, particularly the spectral 
power in HF band. Administration of aminophylline increased heart rate and cardiac output and 
in fl uenced vascular resistance also in various animal models (Spalding et al.  2000 ; Takahashi et al.  2000  ) . 
We may presume that some of cardiovascular effects may be caused by inhibition of PDE, as increase 
of cAMP in smooth muscle cells and myocardium shows positive chronotropic and inotropic effects 
(Mirossay and Mojzis  2006  ) . In addition, theophylline increases levels of circulating catecholamines 
(Hirota et al.  2001 ; Barnes  2005  ) . On the other side, changes in HRV and generation of arrhyth-
mias may also be caused by antagonism with adenosine receptors (Barnes  2003  ) . Agonists of A 

1
  

adenosine receptors decrease heart rate and blood pressure  via  A 
1
  receptors in the periphery; however, 

little is known on the participation of central A 
1
  receptors in this action. Little also is known about A 

2A
  

receptors, where agonists of A 
2A

  receptors increase the heart rate (Schindler et al.  2005  ) . 

   Table 41.2    Mean arterial blood pressure, heart rate, and heart rate variability parameters before and after intratracheal 
meconium/saline (M/S) instillation and hourly after treatment administration   

 Before M/S  After M/S  1 h  3 h  5 h 

  Mean arterial blood pressure (MAP, kPa)  
 Sal + Sal  9.6 ± 0.5  9.4 ± 0.6  9.4 ± 0.8  9.9 ± 0.4 *   10.4 ± 0.7 
 Sal + Amin  9.4 ± 0.3  8.4 ± 0.4  8.4 ± 1.0   7.6 ± 0.8   9.0 ± 1.4 
 Mec + Sal  8.9 ± 0.2  9.2 ± 0.6  9.4 ± 0.6  8.8 ± 0.5  8.9 ± 0.8 
 Mec + Amin  9.3 ± 0.4  8.9 ± 0.7  10.0 ± 0.7  9.1 ± 0.8  9.6 ± 0.5 

  Heart rate (HR, bpm)  
 Sal + Sal  200 ± 11  213 ± 8  214 ± 6 *   233 ± 13  242 ± 12 
 Sal + Amin  207 ± 13  222 ± 17   255 ± 27   267 ± 29  260 ± 21 
 Mec + Sal  201 ± 7  206 ± 7  208 ± 6 *   234 ± 8  244 ± 11 
 Mec + Amin  191 ± 16  207 ± 10  229 ± 21  234 ± 21  247 ± 24 

  Log HF (ms   2   )  
 Sal + Sal  −0.51 ± 0.22  −0.23 ± 0.39  −0.41 ± 0.66 *   0.06 ± 0.14 *   −0.49 ± 0.37 
 Sal + Amin  −0.04 ± 1.20  −0.69 ± 0.42  −0.65 ± 0.74 *   −0.76 ± 0.76 **   −0.16 ± 0.63 
 Mec + Sal  −0.30 ± 0.22  −0.32 ± 0.32  0.09 ± 0.29 *   −0.01 ± 0.30 **   0.21 ± 0.41 
 Mec + Amin  −0.17 ± 0.16  −0.55 ± 0.34   1.13 ± 0.23    1.43 ± 0.16   0.65 ± 0.36 

  MSSD (ms   2   )  
 Sal + Sal  2.93 ± 0.76  1.44 ± 0.32  1.42 ± 0.46 *   1.48 ± 0.34 ***   1.50 ± 0.29 
 Sal + Amin  3.26 ± 1.10  1.44 ± 0.35  3.51 ± 1.96  1.24 ± 0.48 ***   3.46 ± 2.38 
 Mec + Sal  2.84 ± 0.41  1.91 ± 0.41  1.79 ± 0.40 *   1.12 ± 0.16 ***   1.93 ± 0.61 
 Mec + Amin  3.01 ± 0.73  2.03 ± 0.76   5.87 ± 1.94    5.52 ± 1.52   3.80 ± 2.18 

   Mec  meconium,  Sal  saline,  Amin  aminophylline,  Log HF  logarithmic expression of spectral power in high frequency 
band,  MSSD : mean squared successive difference 
 For Mec + Amin and Sal + Amin (indicated by bold)  vs.  other groups:  * p < 0.05;  ** p < 0.01;  *** p < 0.001  
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 Considering cardiovascular effects of aminophylline, an interesting  fi nding is its different action in 
meconium-instilled  vs . saline-instilled (i.e., healthy) animals. Stronger effects on the blood pressure 
and heart rate variability in animals with MAS and, on the other hand, a stronger effect on heart rate 
in saline-instilled controls may indicate a contribution of various substances, mediators and possibly 
also of ROS released during in fl ammation and hypoxemia in the processes of cardiovascular 
regulation (Hoover et al.  2000 ; Malave et al.  2003 ; Murray  2003  ) . Similarly, higher cardiovascular 
responsibility to intravenous dexamethasone was previously observed in meconium- than in saline-
instilled animals (Mokra et al.  2008  ) . 

 In conclusion, intravenous administration of aminophylline increased blood pressure, heart rate, 
and heart rate variability in meconium-instilled rabbits during and immediately after the drug admin-
istration, while changes in HRV were observed for hours after aminophylline treatment. Therefore, 
possible acute cardiovascular effects of aminophylline should be kept in mind when aminophylline is 
considered to be used for treatment of MAS, particularly in patients with cardiovascular instability.      
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  Abstract   We present a proteomic analysis of the rat carotid body (CB) preparation by comparison 
between normoxia and hypoxia. Proteomic investigation would be helpful to identify the stress-
induced protein during hypoxia and to know what O 

2
  species are being sensed by CB cells. Adult 

Wistar rats were used, one group was kept in room air (21% O 
2
 ) as control, and the other was kept in 

a Plexiglas chamber for 12 days in chronic hypoxia (10–11% inspired oxygen). A total protein extract 
for each lysated tissue was separated using a broad pH range no-linear IPG strip (3–10) and the 
second dimension was performed on a 9–16% polyacrylamide gel. Exposure to hypoxia for 12 days 
produced signi fi cant changes in protein expression, providing an initial insight into the mechanism 
underlying differences in susceptibility to hypoxia. Further investigation is needed to have an over-
view of the speci fi c set of proteins present in the CB and the functions of such proteins in signal 
transduction and adaptation during hypoxia.  

  Keywords   Carotid body  •  Chemoreceptor  •  Chronic hypoxia  •  Proteomics  •  Signal transduction    

    42.1   Introduction 

 Cellular PO 
2
  is maintained within a narrow range in mammals by transportation of O 

2
  by ventila-

tion and circulation to cells, for which O 
2
  sensing and supply must be strategically controlled. 

Although O 
2
  is sensed by almost all cells, the most ef fi cient and timely sensing takes place in the 

carotid body (CB), for the global bene fi t of the rest of the body. CB is localized close to the heart 
and chemoreceptor cells sense O 

2
  with each inspiration in a few seconds, so that the signal can 
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be carried nearly instantaneously by chemoreceptor afferents to the brain. The respiratory and 
cardiovascular brainstem regions evoke re fl ex responses in a feedback manner by the next inspi-
ration, so that expiration eliminates CO 

2
  and O 

2
  is taken up according to the current metabolic 

needs (Barnard et al.  1987  )  
.
  This feedback control system operates breath by breath to sustain the 

life. Oxygen tension affects a series of physiological functions, in fl uencing the expression of 
several enzymes. In some tissue, hypoxia inhibits enzymatic activity and in others it increases it. 
This apparent dual-effect is related to the oxygen tension and the response is in fl uenced acutely 
or chronically by the processes of enzyme synthesis and degradation. At the molecular level, 
cellular responses to chronic cellular hypoxia involve, besides reduced enzymatic activity, changes 
in DNA-protein interaction leading to alterations in gene expression (Bunn and Poyton  1996 ; 
Kietzman et al.  2000  ) . The regulation of the genes encoding proteins depends upon accurate 
sensing of PO 

2
  and transduction of the signal that actives hypoxia inducible factor-1 (HIF-1), a 

heterodimeric protein composed of  a  and  b  subunits. HIF-1 a  is the key protein regulating 
cellular responses to hypoxia (Lahiri et al.  2007  ) . It is a factor that controls the induction of 
genes involved in glycolysis, erythropoiesis, angiogenesis, and vasodilatation when tissues are 
exposed to hypoxic conditions (Prabhakar and Overholt  2000 ; Lopez-Barneo et al.  2001  ) . 

 At the plasma membrane, O 
2
  sensing takes place instantaneously involving ion channels and heme 

proteins (Wenger and Bauer  2000 ; Lahiri et al.  2002  ) . The newly formed HIF will be stabilized in 
hypoxia and then it will dimerize with HIF- b  subunit, which presents independently of the PO 

2
 , to 

form a complex that moves into the nucleus (Semenza  2001  ) . The hypotheses concerning the mecha-
nisms of sensitivity to low oxygen concentration are many; some authors propose a mechanism linked 
to a hypothetical heme protein ‘sensor’ located in the plasma membrane, others put forward ‘acid 
hypothesis’ which suggests a role of the membrane hydrogen ion pump acting in concert with 
changing oxygen levels, still others turn to the hypothesis of a metabolic sensor related to changes in 
the intracellular ATP levels, increased Ca 2+  in fl ux, and consequently also chemosensory discharge 
which is relayed to the brain. Although the chromophore theory of chemoreception still remains valid, 
alterations in the sensor structure could be affected by HIF-1 a , VEGF, and NOS-1. Proteomic 
identi fi cation of novel proteins for studying the interaction between pathways involving increased 
metabolism and induction of stress-induced proteins in response to chronic or intermittent hypoxia 
will help clarify how chronic hypoxia  per se  promotes a remodelling of the structure and function of 
the cardio-respiratory system, the brain, and other organs. Cell growth, differentiation, aging, and 
death are, in general, related to a series of factors including oxygen consumption. Therefore, in the 
present study we investigated the effects of 12-day exposure to chronic hypoxia on carotid body 
protein pattern. We reasoned that proteomic analysis could give a fresh insight into the pathways 
sensing changes in oxygen and could help resolve, still enigmatic, carotid body mechanisms engaged 
in the adaptation to hypoxia.  

    42.2   Methods 

    42.2.1   Hypoxic Treatment 

 Two groups of Wistar rats weighting 250–400 g were used, according to the guidelines of the 
Declaration of Helsinki. The study protocol was accepted by a local Ethics Committee. One group 
(four rats) was kept in room air (21% O 

2
 ) as a control group; the other was kept in a Plexiglas chamber 

for 12 days in chronic hypoxia (10–12% inspired oxygen). The chamber was recirculated with a 
pump; CO 

2
  was removed from the chamber air with baralyme and continuously monitored by a 

capnograph. Boric acid was mixed with the litter to minimize the emission of urinary ammonia.  
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    42.2.2   Proteomic Analysis 

 The total protein extract for each lysated tissue were separated using a broad pH range no linear IPG 
strip (3–10) and the second dimension was performed on a 9–16% polyacrylamide gel (Angelucci 
et al.  2006,   2010  ) . The lysated samples were loaded onto commercial 4–7 IPG strip and the second 
dimension was performed on a 9–16% acrylamide gel. Analytical gels were stained with ammoniacal 
silver nitrate, while gels used for MALDI-TOF MS protein identi fi cation were silver-stained without 
glutaraldehyde. After staining, gels were scanned with a MagicScan scanner (GE Healthcare, 
formerly Amersham Biotech, Uppsala, Sweden) in transparency mode at 800 dpi and the TIFF images 
were stored. Once digitized, the gel images were analyzed with Image Master 2D platinum software, 
6.0 versions (GE Healthcare, formerly Amersham Biotech, Uppsala, Sweden). A positional gel 
calibration was carried out by using a 2D calibration method included in the analysis package that 
calculates the position of protein spots in terms of their isoelectric point (pI) and molecular weight 
(MW) values. On average, 67 and 45 protein spots were detected for normoxia and hypoxia samples, 
respectively. The quantity of each spot was normalized with respect to the total spot volume detected 
in the gel. Relative spot volumes were determined by modeling the optical density in individual spot 
segments using a two-dimensional Gaussian analysis (Angelucci et al.  2010  ) .   

    42.3   Results 

 Exposure to hypoxia for 12 days produced signi fi cant changes in the expression of proteins, providing 
an initial insight into the mechanisms underlying differences in susceptibility to hypoxia at different 
age. These results indicate that proteins involved in the glycolytic pathway are down-regulated, 
whereas glycolytic enzymes and deaminases involved in ATP and AMP production were up-regulated 
by ~50%. This would be consistent with recent reports that protein synthesis plays a crucial role in 
modulating the phosphorylation of pyruvate dehydrogenase, inactivating it and blocking mitochon-
drial activity, and thus preserving cells from ROS damage and consequent apoptosis. Hypoxia also 
down-regulated other enzymes involved in protein synthesis. The results of our quantitative analysis 
showed that exposure to hypoxia for 12 days produced more than 1.5-fold increases in the expression 
of 10/70 protein and decreases of 16/70 protein.  

    42.4   Discussion 

 The oxygen-gradient diffusion at the capillary tissue level is essential for the cellular survival (Chandel 
and Schumaker  2000  ) . Maintenance of oxygen homeostasis in the arterial blood is mediated by 
re fl exes sensitive to oxygen decrease and by release of several factors. The CBs are the sensory organs 
to detect systemic hypoxia. These minute organs respond in a few second time required for an initial 
transduction step involving the O 

2
  sensor and changing protein content or activity. Chronic hypoxia 

stimulates cellular growth and metabolism; CBs show hypertrophy of type I cells, increase in 
catecholamine synthesis, and decreases in density of K +  ion channels. 

 The regulation of genes encoding proteins depends upon accurate sensing of PO 
2
  and activation 

HIF that is a key protein regulating cellular responses to hypoxia (Semenza  2009  ) . HIF regulates 
several genes including endothelin (ET-1) and VEGF. To better understand chemoreception we 
need to know what O 

2
  species are being sensed by cells and how cells sense oxygen. It would be 

helpful to have an overview of the speci fi c set of proteins present in the CB and the functions of 



352 C. Di Gullio et al.

such proteins in signal transduction and adaptation during hypoxia. Chemosensitive cells located in 
the CB play a fundamental role for the survival in hypoxic conditions; their stimulation increases 
discharge frequency in the afferents  fi bers running to the brainstem respiratory network, leading to 
an increase in ventilation. The mechanisms of responses to acute and chronic hypoxia are not 
necessarily the same. Chronic effects involve new syntheses of proteins initiated by some speci fi c 
mechanisms. During chronic hypoxia, ventilatory adaptation is a homeostatic reaction that tends to 
compensate the hypoxia. The resulting immediate hyperventilation seems to involve both periph-
eral and central mechanism. During altitude acclimatization period, ventilation tends to return to 
the basal value, the increase in ventilation persist for weeks and tends to adapt with time. This 
phenomenon has also been seen in patients suffering from cyanotic congenital heart diseases or 
lung disease with a reduction of the hypoxic ventilatory response. The attenuated ventilatory 
response during chronic hypoxia is a useful process to reduce the energy cost necessary to maintain 
hyperventilation trough carotid body modi fi cations. 

 Chronic hypoxia, a common link of many illnesses, induces adaptations in the tissues geometry. In 
particular, the structure of the CB modi fi es in chronic hypoxia and with age due to an increase in the 
extracellular matrix, alterations in the volume of mitochondria, and rearrangements of intracellular 
organelles (Di Giulio et al.  2009  ) . During chronic hypoxia, CB hypertrophy is less evident in the aged 
than young CB, which is probably related to a reduced release of growth factors during aging 
(Di Giulio et al.  2003  ) . Furthermore, such a reduction in hypertrophy could be due to general protein 
structural changes occurring during aging. 

 The body reacts to hypoxia by NO-modulated HIF-1 a -mediated expression of hypoxia-inducible 
genes to maintain an adequate O 

2
   fl ux to tissues and to optimize metabolic processes. Introducing a 

proteomic approach (Jin et al.  2004  )  to study the functional signi fi cance of the regulation of protein 
synthesis in the adaptation to hypoxia would help clarify the way of prevention of tissue damage 
resulting from ROS and would optimize metabolic control; in effect making active life possible even 
in extreme conditions. The present results may also have a bearing on human physiopathology, 
particularly on aging. During chronic hypoxia, NOS activity increases, and nitric oxide-mediated 
inhibition of chemosensory discharge would take part in the mitigation of the ventilatory adaptation 
to hypoxia. Moreover, chronic hypoxia increases neuroglobin (Ngb) in CB (Di Giulio et al.  2006  ) . 
The physiological role of Ngb is not well understood, but the protein is thought to participate in such 
processes as oxygen transport, oxygen storage, and nitric oxide detoxi fi cation. Similar to hemoglobin, 
Ngb may act as a respiratory protein by reversibly binding gaseous ligands (NO and O 

2
 )  via  the 

Fe-containing porphyrin ring. Proteomics seems to open a new valuable avenue of research to elucidate 
the oxygen sensitive molecular mechanisms.      
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  Abstract   We evaluated the maximal mouth inspiratory pressure and the EMG patterns of major 
respiratory and accessory muscles used in the generation of voluntary inspiratory maneuvers during 
different body positions. Ten healthy subjects (F/M-4/6), the mean age 22.0 ± 0.6 years, participated 
in the study. The maximal inspiratory mouth pressure (MIP) during Müller’s maneuver was measured 
from residual volume in the standing, sitting, right-sided (RSL) and left-sided lying (LSL), supine, 
and head-down-tilt (HDT) (−30° relatively horizon) positions. EMG of the diaphragmatic (D), 
parasternal (PS), sternocleidomastoid (SM), and genioglossus (GG) muscles were assessed in each 
body position. The baseline MIP was 105.3 ± 12.0 in men and 59.9 ± 10.1 cmH 

2
 O in women in the 

standing position and did not appreciable differ in the other positions, except the HDT where it was 
lower by 23 and 27% in men and women, respectively (P < 0.05). During Müller’s maneuver, dia-
phragmatic EMG activity also was similar in all the body positions, but it was signi fi cantly enhanced 
in the HDT. In contrast, PS EMG showed the highest level of activation in the standing position, taken 
as the control, reference level, and was lower in the HDT. Activation of SM during the maneuver was 
near the control in the sitting position, lower in the supine (79%), RSL (85%), LSL (80%), and HDT 
(72%) positions (P < 0.05). GG EMG was signi fi cantly greater during maximal inspiratory effort in 
the supine and HDT positions (125 and 130%, respectively), while it was lower in the sitting, LRS, 
and LLS positions (76, 57, and 43%) compared with standing (P < 0.05). We conclude that the inspira-
tory pressure generated during Müller’s maneuver is a re fl ection of complex interactions between 
several muscle groups during changes in body positions.  

  Keywords   Body position  •  EMG  •  Inspiratory pressure  •  Respiratory muscles  •  Müller’s maneuver    

    43.1   Introduction 

 The function of inspiratory muscles is to create a negative pressure in the thorax, and the most widely used 
measure of inspiratory muscle strength is the pressure generated in the mouth during a maximal voluntary 
maneuver (Black and Hyatt  1969 ; Enright et al.  1994  ) . Maximal inspiratory mouth pressure (MIP or 
P 

Imax
 ) is a simple and noninvasive index of inspiratory muscle strength (ATS/ERS Statement  2002  ) . 
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The measurement of respiratory muscle force is important in the diagnosis of respiratory muscle 
weakness or dysfunction and in the evaluation of therapeutic effects (Troosters et al.  2005 ; Decramer 
et al.  1994 ; Lagri and Tobin  2003  ) . The pressure generated depends on the age, sex and body mass 
index (Black and Hyatt  1969 ; Sachs et al.  2009 ; Evans and Whitelaw  2009  )  in healthy subjects and on 
lung function parameters and blood gas tensions in COPD patients (Heijdra et al.  1994  ) . Mechanical 
factors such as the lung volume at which maximal inspiratory efforts are performed, and the velocity 
of shortening of muscles may in fl uence MIP (Nava et al.  1993  ) . It is possible to in fl uence the length 
of inspiratory muscles in normal subjects by changing position from standing to sitting, supine, and 
especially the head-down tilt. The diaphragm will then be displaced upwards by the abdominal content, 
and will achieve a more advantageous position on the length-tension curve. The relationship between 
the force generated by different respiratory muscles and their activity may change during inspiratory 
efforts performed during different body positions, resulting from speci fi c recruitment patterns of 
respiratory muscles. The relative contribution of different muscles to the generation of maximal 
inspiratory effort (Müller’s maneuver) and their electrical activity during this voluntary maneuver in 
different body positions has not been fully investigated. 

 The objectives of the present study were to evaluate the effect of body position on maximal inspira-
tory pressure and to determine the relative activity and pattern of recruitment of four major inspiratory 
and accessory muscles: diaphragm, parasternal, sternocleidomastoid, and genioglossus in healthy 
subjects.  

    43.2   Methods 

    43.2.1   Subjects 

 The study was approved by a local Ethics Committee and conducted in accordance with the ethical 
standards of the Helsinki Declaration for Human Experimentation. All subjects were familiarized 
with the experimental procedures, and gave informed consent. Ten healthy, nonsmoking subjects 
(F/M-4/6) participated in the study. Their mean age was 22.0 ± 0.6 years, Anthropometric data for 
men: height 172.1 ± 4.2 cm, weight 72.6 ± 3.5 kg, vital capacity (VC) 4.2 ± 0.5 l and for women: 
height 163.2 ± 2.4 cm, weight 52.1 ± 2.3 kg, VC 3.5 ± 0.6 l. All of them had no cardiorespiratory and 
neuromuscular disorders and had ventilatory function within normal limits. None of the subjects had 
a previous experience in performing the maximal inspiratory maneuver nor were aware of the aims 
of the study.  

    43.2.2   Maximal Inspiratory Pressure Measurements 

 Maximal inspiratory mouth pressure (MIP) was measured with a portable device (PowerBreath, UK) 
in accordance with ATS/ERS Statement (ATS/ERS Statement  2002  ) . MIP was recorded at the mouth 
during a quasi-state short maximal inspiration against occluded airways (Müller’s maneuver). The 
maneuver was performed at residual volume (RV) (Troosters et al.  2005  ) . The subjects had a nose clip 
in place during the maneuver. Each participant was instructed to expire slowly and completely as far 
as possible, to seal lips  fi rmly around the mouthpiece and then to perform a maximal inspiratory 
effort. The subjects were verbally encouraged by the operators to achieve a maximal effort. To prevent 
closure of the glottis and to avoid signi fi cant pressure generation by the muscles of the cheek and buccal 
muscles, a small leak was present in the equipment. The pressure obtained re fl ects the pressure generated 
only by the respiratory muscles (ATS/ERS Statement  2002 ; Troosters et al.  2005  ) . For the sake of 
convenience, MIP was expressed in positive values.  
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    43.2.3   EMG Recording 

 The electromyograms (EMG) of the diaphragm (EDI), parasternal (EPS), sternocleidomastoid (ESM), 
and genioglossus (EGG) were obtained with surface electrocardiographic electrodes (ARBO, TYCO 
Healthcare Group LP, Germany). The skin was cleaned with an abrasive. The surface EDI was recorded 
by electrodes applied to the skin over the seventh and eighth intercostal spaces close to the upper rib 
edge. The EMG of the stemocleidomastoid (ESM) was obtained with electrodes positioned longitudi-
nally over the middle third of the muscle on the right side of the neck, while the parasternal muscle 
EMG (EPS) was recorded with electrodes placed in the second right intercostal space close to the ster-
num. The EMG of the genioglossus (EGG) was obtained from two electrodes placed longitudinally on 
the underside of the chin at 5 and 10 mm from the inferior margin of the mandible after having checked 
that minimal inspiratory electrical activity was present during spontaneous breathing. All the EMGs 
were ampli fi ed and continuously recorded on a six channel recorder (Biograph, Russia). EMGs were 
displayed and visualized simultaneously. All the data were stored on PC for future analysis. To quan-
tify the EMG, the signals were  fi ltered (30 Hz–1,000 kHz) and integrated on a moving-time-average 
basis with a time constant of 150 ms. The peak amplitude of integrated EMG was measured for each 
inspiratory muscle during valid Müller’s maneuver in all body positions. The amplitude was measured 
in arbitrary units and then expressed as a percentage of the maximum reached during Müller’s maneuver 
in the standing position.  

    43.2.4   Study Design 

 Two researchers performed all the testing using the same equipment for all sessions. Thus, the same 
instructions, explanations, and encouragement were given to all subjects. Since Müller’s maneuver 
was unfamiliar to participants, it was carefully explained. The researcher  fi rst demonstrated the correct 
maneuver. Then, each participant was asked to perform a few maximal inspiratory efforts in order to 
adopt for the correct performance of this test. After placement of all skin electrodes, the subject was 
asked to perform maneuver and maximal inspiratory pressure was measured. Maximal inspiratory 
efforts were maintained for 3–4 s separated by at least 1 min between efforts. For each body position, 
the subject performed a minimum of  fi ve maneuvers until two maximal pressure values were obtained 
which did not differ by more than 5%; the higher of the two was chosen for analysis. The maneuvers 
were performed in different positions in successive order with a resting period of 10 min in-between. 

 Six different positions were used:

     1.    Chair sitting: The subject sat in a chair with no armrests and was instructed not to slouch forward 
nor lean to either side. The chair had a  fi xed, padded back that was at 90° to the seat.  

     2.    Standing: The subject adopted a comfortable stance.  
     3.    Supine: The subject was positioned lying on his back on a padded tilt table (horizon). A little 

pillow was placed under the head.  
    4–5.    Side lying: The subject was positioned lying on the right side, then on the left side on a padded 

tilt table. A pillow was placed under the head.  
     6.    Head down: The subject was positioned as for the back lying position on a padded tilt table which 

was lowered, so that the subject’s body was at a 30° angle, with the head lower than the feet.     

 Each subject was placed into the  fi rst position (1) and allowed to rest in this position for 5 min. 
After completing MIP testing in this position, subjects moved into the next successively assigned 
position (from 2 to 6). Testing would be terminated if the subject was too fatigued to continue or was 
unable to perform the test correctly.  
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    43.2.5   Data Analysis 

 Data are presented as means ± SE. Those EMGs which corresponded to the higher MIP were chosen 
for analysis. Differences between MIP as well as the peak integrated EMGs during Müller’s maneuver 
in the sitting, supine, RSL, LSL, and head-down positions were compared with data in the standing 
position (control, taken for 100%) with a  t -test. The criterion for statistical signi fi cance was taken as 
P < 0.05.   

    43.3   Results 

    43.3.1   Respiratory Muscle Force and Effect of Body Position 

 The mean MIP values in different body positions are presented in Fig.  43.1 . For the six male subjects, 
MIP ranged from 88 to 119 cmH 

2
 O (mean – 105.3 cmH 

2
 O) in the standing position. For the four 

female subjects, the corresponding ranges were 46–79 cmH 
2
 O (mean – 59.9 cmH 

2
 O) in this position. 

These values are approximately in the normal range for males found by others (Leech et al.  1983 ; 
Sachs et al.  2009 ; Hautmann et al.  2000  ) , but are somehow lower for females (Char fi  et al.  1991 ; 
Sachs et al.  2009 ; Hautmann et al.  2000 ; Windisch et al.  2004  ) . Sitting and both side-lying MIPs were 
similar to the standing MIP values in men and women (Fig.  43.1 ). The supine position resulted in 
lower values of MIP in both men and women, but there were no signi fi cant differences between the 
standing and supine MIPs. HDT led to results which were lower by 23% in men and 27% in women 
compared with those in the standing position (P < 0.05).   

    43.3.2   Electromyographic Responses 

 We were able to obtain inspiratory EMG activity of all muscles during quiet breathing in all subjects. 
Also, appreciable phasic inspiratory activity during voluntary maximal inspiration against closed 
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  Fig. 43.1     Effects of body position on maximal inspiratory pressures  measured at the mouth (MIP, cmH 
2
 O) in male 

and female subjects with normal respiratory function.  RSL  right-sided lying,  LSL  left-sided lying,  HDT  head down tilt; 
*P < 0.05 compared with the standing position       
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airways was obtained in all subjects in different body positions (Fig.  43.2 ). Diaphragmatic EMG 
recorded with surface electrodes mainly re fl ects the activity of the costal part, while the esophageal 
electrodes measure mainly activity in the crural part of the diaphragm. It has been shown that there is 
a good agreement between these two measurements, which suggests that activation of the two parts is 
similar in the tests used to measure maximal respiratory muscle strength. Surface electrodes may, 
therefore, provide viable information about diaphragm activity, which circumvents the not always 
acceptable for the subject issue of the introduction of a catheter through the nose (Nava et al.  1993  ) . 
Integrated electrical activity of each muscle was expressed as a percentage of its value in the standing 
position, taken as 100%. The peak magnitude of diaphragmatic EMG activity during Müller’s maneuver 
tended to increase in the sitting, RSL, and LSL positions (P > 0.05), but was signi fi cantly greater than 
that in the control before the maneuver by 121% in the supine and 139% in the HDT positions 
(P < 0.05) (Fig.  43.3 ). As illustrated in Fig.  43.3 , the lower-than-control values for EPS were always 
achieved during Müller’s maneuver in all body positions, especially in HDT (70%) compared with 
control (P < 0.05). When changing the position from standing to sitting, supine, RSL, and LSL, the 
values of ESM during the maximal inspiratory effort were all lower than those in the control by 
approximately 20%. The ESM values obtained during the inspiratory maneuver in HDT were lower 
by 28% compared with the standing position (P <0.05). Body position signi fi cantly affected the EGG 
achieved by normal subjects during maximal inspiratory efforts. As shown in Fig.  43.3 , Müller’s 
maneuver produced the greatest EGG amplitude in the supine (125%) and HDT (130%) positions 
(P < 0.05), and less so, although still signi fi cantly, in sitting, RLS, and LSL positions (P < 0.05), 
amounting to 76, 57, and 43% of control, respectively.     

GG

4 sec

SM D PS

  Fig. 43.2     Individual example of raw and moving-time averaged (time constant 150 ms) electromyograms  of the 
diaphragm ( D ), intercostal parasternal ( PS ), sternocleidomastoid ( SM ), and genioglossus ( GG ) muscles during Müller’s 
maneuver (in arbitrary units)       
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    43.4   Discussion 

 The purpose of this study was twofold. We sought to assess the effects of postural changes on the 
maximal inspiratory pressure and to compare the magnitude of the diaphragm and accessory inspira-
tory muscle activities evoked by a maximal, voluntarily increased drive to these muscles under different 
body positions, and  fi nally to assess the relationship between the EMG and maximal inspiratory 
mouth pressure. 

 It is known that gender (Black and Hyatt  1969  ) , age (Troosters et al.  2005  ) , weight (BMI), and high 
(Wilson et al.  1984  )  are factors in fl uencing inspiratory muscle force in normal subjects. In order to 
exclude the effects of these factors, to standardize conditions, and to evaluate exclusively the effect of 
postural changes on MIP we divided the subjects into the male and female groups. The subjects of 
either gender were of the similar age and had similar weight and high. The mean values of MIP 
obtained in Müller’s maneuver in females appeared to be relatively lower than those reported in 
the literature (Char fi  et al.  1991 ; Sachs et al.  2009 ; Hautmann et al.  2000 ; Windisch et al.  2004  ) . 
The discrepancy may be related to a rather small number of female subjects in our study. Besides, in 
contrast to most previous studies, our subjects were naive and untrained, and it is known that higher 
values can only be achieved after speci fi c muscle coordination training (Hawkes et al.  2007  ) . Moreover, 
other individual features such as elastic recoil pressure of the respiratory system (Badr et al.  2002  )  and 
physical  fi tness (our unpublished results) also can in fl uence the maximal respiratory pressure. When 
changing body position from standing to sitting, supine, RSL, and LSL, there were no signi fi cant 
alterations in maximal inspiratory pressure in both male and female subjects. But the supine position 
led to results which were lower than those in the standing position (P > 0.05), and the HDT led to 
results which were signi fi cantly lower than those all other positions (P < 0.05). 

 It has been shown in COPD patients that changes in body position may signi fi cantly in fl uence MIP. 
Leaning forward, for example, may result in higher inspiratory pressures (O’Nelly and McCarthy 
 1983  ) , while measurements obtained in the recumbent positions show lower pressures (Nava et al. 
 1993  ) . In healthy subjects, some studies show that the standing, sitting and supine positions have no 
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  Fig. 43.3     Mean peak amplitudes of the integrated EMG of the diaphragm  ( D ), intercostal parasternal ( PS ), 
sternocleidomastoid ( SM ), and genioglossus ( GG ) muscles during Müller’s maneuver in the sitting, supine, right sided-
lying ( RSL ), left sided-lying ( LSL ), and head down tilt ( HDT ) positions. The peak amplitude of EMGs was expressed as 
a percentage of the maximal values achieved during Müller’s maneuver in the standing position.  RSL  right-sided lying, 
 LSL  left-sided lying,  HDT  head down tilt; *P < 0.05 compared with the standing position       
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signi fi cant in fl uence on the result of the MIP measurement (Fiz et al.  1990  ) , but other authors have 
found that MIP were lower in the supine position (Koulouris et al.  1989  ) . Our results are in line with 
the last  fi nding. The effect of HDT on maximal inspiratory pressure has not previously been described. 
Due to the limited data available and the lack of previous research it was hard to accurately compare 
the supine and HDT with other positions. There are data that maximal expiratory pressure is 
signi fi cantly lower in the supine and especially in HDT (−20° relatively horizon) positions compared 
with other positions (Badr et al.  2002  ) . 

 In our study, the head down position had the lowest mean MIP in both male and female groups. 
One of the possible explanations for the diminished performance in this position is lack of practice 
(Badr et al.  2002  ) . Not often do people  fi nd themselves in such a position in their everyday live. 
All the subjects of our study stated that they felt “uncomfortable” in the head down position. This may 
further limit their performance in this position. On the other hand, changes in muscle mechanics 
might in fl uence MIP when changing from standing to supine and HDT. Gravity pulls the abdominal 
content caudally, increasing the vertical diameter of the thorax in the standing position (Castile et al. 
 1982  ) . In the HDT, the abdominal content pushes the diaphragm up into the thoracic cavity, raising 
the diaphragm length and decreasing functional residual capacity (FRC) relative to the standing con-
dition. The diaphragm length is then in a more optimal part of the length-tension relationship curve 
and may generate a higher intrathoracic pressure. At the same time, the diaphragm should displace 
abdominal content during inspiratory effort, overcoming the additional loading in HDT. So, the possible 
explanation of decreased MIP values in the head down position might be that the diaphragm is over-
loaded by abdominal content displacement during maximal inspiratory effort. And despite the dia-
phragm being at a more favorable position in the length-tension curve, increased force generated by it 
apparently cannot compensate for this mechanical load. Besides, the length of all other muscles may 
become less optimal in the supine and HDT positions; consequently a lower MIP is seen. For example, 
McCool and Leith  (  1987  )  have suggested that expiratory muscles attain their optimal length during 
standing. It is possible that decreased phasic activity of the sternocleidomastoid, parasternal, intercostal, 
and other accessory as well as expiratory muscles contributes to a decrease in MIP in the supine (Druz 
and Sharp  1981 ; Estenne et al.  1985 ; Heijdra et al.  1994  )  and HDT positions. To verify this supposi-
tion, we investigated the relationship between electrical activity and mechanical responses during 
Müller’s maneuver. 

 The voluntary maximal inspiratory effort is a maneuver requiring activation, recruitment, and 
coordination of different muscle groups (Koulouris et al.  1989  ) . In the present study, the trend of 
changes in peak integrated EMG of all muscles was similar in both groups of subjects in all body 
positions; therefore the data of male and female groups were combined (Fig.  43.3 ). We found that the 
difference in diaphragmatic EMG between the standing and HDT positions showed a trend toward 
being greater during Müller’s maneuver. In contrast, supine and especially HDT positions elicited a 
decrease in peak inspiratory activity of the parasternal and sternocleidomastoids muscles during this 
maneuver compared to the standing position. These results con fi rm the possibility of decreased MIP 
in HDT because of a signi fi cant lower-than-control activation of PS and SCM. So, the diaphragm can 
be maximally activated during the voluntary inspiratory maneuver but other accessory muscles need 
not be activated fully in HDT. 

 The pattern of respiratory muscle activity suggests the existence of a possible hierarchy or coordi-
nation of muscle recruitment – speci fi c muscle groups recruit in a particular order, when subject per-
forms maximal inspiratory maneuver in different body positions. The diaphragm is maximally active 
during the voluntary inspiratory effort in all body positions, but in HDT. PS and SM, accessory muscles, 
acting in synergism with the diaphragm, are not necessarily active to the same extent. 

 The genioglossus is a major dilator muscle of upper airways. GG does not participate in the generation 
of maximal inspiratory pressure, but contributes to stabilization of airway patency. This muscle showed a 
signi fi cant dependence of its activation on postural changes during Müller’s maneuver. It was minimally 
active during side-lying positions. The maximal activation of GG was obtained in supine and HDT 
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positions in all subjects. Upper airway dilator muscles are activated in phase with the respiratory cycle 
generated by the central nervous system. Studies have shown that non-physiological upper airway mecha-
noreceptive stimuli (e.g., rapidly imposed pulses of negative pressure) also activate these muscles. Such 
re fl exes may become activated during conditions that alter airway resistance in order to stabilize airway 
patency (Akahoshi et al.  2001  ) . 

 It is known that premotor drive from multiple descending pathways, i.e., from the motor cortex for 
voluntary respiratory tasks, including Müller’s maneuver, may be integrated at the spinal cord 
(Aminoff and Sears  1971 ; Bellingham  1999  ) . This may be due to direct, oligosynaptic pathways from 
the motor cortex to the diaphragm and intercostal motoneurons (Gandevia and Plassman  1988  )  or 
from local spinal re fl exes. At the spinal level, all inputs acting on motoneurons and interneurons, 
including spinal re fl exes, can be coordinated to produce the appropriate motor output (Bellingham 
 1999  ) . The mechanism that generates the gradient of diaphragm and parasternal intercostal motoneuron 
output in both voluntary and involuntary efforts is also likely to occur at the spinal cord rather than 
medulla (DiMarco and Kowalski  2009 ; Kowalski and DiMarco  2009  ) . Changes in the output of dia-
phragm and parasternal intercostal motoneurons during inspiratory efforts reveal an interplay between 
multiple descending drives to these motoneurons, and it is possible that these premotor drives are 
integrated at spinal interneurons and motoneurons (Hudson et al.  2010  ) . 

 We conclude that the pressure generated during Müller’s maneuver is a re fl ection of complex inter-
actions between several muscle groups and changes in body positions from standing to supine and 
HDT might activate different muscles, resulting in a lower maximal inspiratory mouth pressure.      

   Con fl icts of interest     :  The authors declare no con fl icts of interest in relation to this article.  
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